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Paye  2. 

In  tfe  second  section  of  textbook  "radio  equipaent  for  air 
n.iviqaticn"  ate  set  forth  the  radio- raviqat  ion  systeas,  based  on  the 
irea  Eoreoart  of  the  propagation  tiae  of  radio  waves.  In  chapter  1 are 
exairir?!  tanging  EK5,  in  chapter  2 they  are  exaained  aziauth-ranginq 
FfiS  ani  in  chapter  3 - differential  tanging  BNS  with  continuous  and 
pulse  radio-wave  emission. 

The  set  forth  material  is  the  section  of  the  corresponding 
course,  read  the  students  at  of  the  acadeay,  and  it  can  be  useful  for 
♦he  ken  i rdrcletncgo  cempesitio r of  the  civil  aviation.  Chapter  1 is 
written  Kul'chiy  a.  s. ; chapter  2 is  Grachevya  V.  V.;  chapter  3 - by 
Astaf'y.'vyx  g.  p*  Illustration  92.  laile  1. 

Page  3. 

I NTF CrUCT ICN. 

In  this  section  are  exaained  the  radio  navigational  aids  whose 
work  is  lised  on  the  use  of  a dependence  tetween  the  propagation  tiae 
of  radio  waves  arc  the  navigational  coordinate. 

Th”  propagation  of  electrovaqretic  waves  in  free  space  occurs  at 
ccrsraii*  velocity  and  rectilincarly;  therefore  propagation  time  can  be 
dlirc*lv  connected  with  the  passed  distance  (or  angular  coordinate). 
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ba5<:d  cr  the  seasureaent  cf  the 


••his  (oirt  rf  tpaco  and  other  t vo  points.  The  first  are  called 
ranqinq  systems  or  ecuipnent/devices,  and  tte  second  - differential 


only  the  distance,  hut  also  the  direction,  are  called  azinut h-r anging. 


7h»'  leasuroBcnt  cf  the  prepagation  tiic  of  radio  vaves  can  be 


condtictod  directly  or  indirectly.  During  irdircct  aeasureaent  are 
utilimeJ  continuers  electronagnetic  signals  and  it  is  measured  the 


value  of  {base  or  frequency  which  are  connected  in  the  course  of  tine 


cadiewave  prepagation,  while  with  direct  - pulse  electromagnetic 
signals;  in  this  case  the  communicaticn/ccnrecticn  between  the 


naviaaticnal  coordinate  and  the  paraaeters  cf  radio  wave  at  any  point 


where  c is  velocity  of  propagation  of  radio  waves;  w - angular 
frequcnc  y . 


rj«  |u<Micv  radio  navigational  devices  and  <1«  systems 
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Ir\  t’liG  textbook  are  exanincj  the  ranging  radio-navigat icn 
jysteTj;  ct  t i se/tenporar  y and  phase  types,  tine/tenporary  type 
.«7  iiruth- r inging  systonis  and  the  differential  ranging  radio-navigation 
sy.*'*eitn  rt  t i ire/temporary,  phase  and  f a?c-t  iBe/tenporary  types.  All 
these  syste!|is  find  wide  application  in  the  radio  navigation  of  flight 
vehicles. 


Page 


Charter  1. 

fFAniC-N  AV  IGATION  SYSTEPS, 


i 1.1.  t tfect  cf  the  conditions  of  radioka«e  propagation  on  the 
nperatim  of  ladic-navigation  systeas. 


The  accuracy  of  work  of  radio-navigat icn  systeas  depends  on  the 

i 

corditiens  of  radiowave  propagation.  Under  the  ideal  conditions  of  • 
propaq^ticn  the  errors  wculd  be  (Binimuir;  by  such  ohrazon,  if  the 
velcciry  c£  propagation  cf  radic  waves  was  constant,  and  the  directicirt 
>f  wave  frent  by  ccnstant/invariable,  then  {base,  frequency  and 
t ir  e /ri>ir  p cr  i r y radio-navigation  systems  wculd  have  the  ainiaui  errors, 
•^inco  in  ic-iiality  occur  changes  in  the  vclccity  of  propagation  of 
radio  wiv^s,  appear  the  veasurirq  ecters  cf  the  navigational 
f ar  aaif  •• ->1  s - systetratic  and  random;  tho  first  almost  completely  can  be 
’xr  1 ide 1 frcT  the  results  of  the  measurements  by  calibration,  the 
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iJt'ccrJ  can  bo  taken  into  account  only  on  the  average,  they  increase  j 
the  tluotuiticn  error  of  the  navigatichal  {raraieter.  Therefore  in  a 

I 

nawber  of  cases  it  is  necessary  to  consider  the  effect  of  the 
contlitions  of  radiowave  propagation  cn  a change  in  velocity  and 
direction  cf  the  arrival  of  radio  waves.  i 

The  velocity  of  propagation  of  radio  waves  and  the  trajectory  of  ' 
propagation  depend  on  the  following  factors:  change  in  the  paraneters 
cf  lower  and  upper  air  (troposphere  and  tie  ionospheres);  the 
electrical  properties  of  the  underlying  surface;  area  relief. 

The  velocity  of  propagation  of  radio  waves  in  the  ataospbece 
oenerds  cn  terper ature,  pressure  and  hiiaidity.  Its  value  is 

i 

deterninsd  by  the  relationship:  j 


<1.  1) 


Ct  _ c, 

VT  It  * 


where  Cq  is  welccity  cf  propagation  of  radio  waves  in  vacuun;  £ - j 
coDipositc  dielectric  relative  constant;  n is  a refractive  index  of  the  j 
atecspheie.  fl 
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For  the  Farth's  atmosphere  is  characteristic  the  dependence  of  1; 
tenpccituce,  humidity  and  pressure  from  he  i cFt/altitude.  On  the  basisf'; 
cf  tie  large  amcur.t  cf  measurements  tot  tie  wide  interval  of  time,  a 
charge  in  the  refractive  index  with  height/altitude  it  is  possible  to  L 


(1.2).  (rt— I)  (O'*  = 


Itof rac*  i ve  index  r decreases  Mith  height/altitude,  and  for  a standard 
at  nc£  (lit- [ 6 lapse  «ill  be 


1 

t 


relative  change  in  the  refractive  index  n in  season  for 
aver ago/aean  fluctuations  of  tenperature,  hciidity  and  pressure  is 
10-*.  The  velocity  of  radiovave  propagation  in  vacuua,  according  to 
the  last/ 1,1*- er  data,  is  deteririned  with  tie  relative  error, 
app t cxin  1 tel y equal  to  10~*.  Consequently,  with  the  coaplete  account 
of  changes  in  the  velocity  of  piopagaticn  of  the  radio  waves,  caused 
by  tie  irstanta necus  values  of  the  atmospiciic  parameters,  it  is  not 
possible  to  obtain  tie  relative  acasucing  eiioi  of  distance  less  than 
10~*.  If  the  relative  measuring  error  ct  tlae  interval  is  acre  than 
10-s,  *hen  the  introduction  of  coriocticn  fer  a change  in  the  velocity 
of  the  rarprestrar  ot  yeniya  becomes  iinnecessary ; with  a neasurin? 
•^•rrer  l-'ss  thin  1C~*,  the  intrcducticn  of  correction  can  raise  the 
acriir  t^y  '■f  *•  1“  det^raination  cf  navio  rt  i ciial  coordinate.  Tie  acccunt 
cl.  ccrr'^ctions  fer  a change  in  the  velocity  cf  propagation  it  is 
expedient  c producv!  in  the  devices  cl  liich  accuracy  (phase);  if  the 
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i 

I 
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Th-^  cur v€/ijraph,  which  characterizes  tie  dependence  of  the 
velccity  cf  ptofatjation  of  radic  waves  cn  height/altitude,  is  shown  ia 
Pig.  1.1. 

A charge  in  the  electrical  paraneters  cf  scil  affects  the 

' I 

velocity  cf  nropagation  of  radic  waves  in  stch  a case,  when  the 
dividing  line  of  sections  with  the  different  paraneters  is  located 

I 

near  the  trarsaitting  or  receiving  antennas.  « 

Page  1.  • • ' ; 

In  »his  case  the  replaceaent  of  the  electrical  paraneters  of  soil 
leads  to  a change  in  the  process  of  the  estztlisfaaent  of  "phase" 
vel  cc  it  V . 


To  analogous  phenomena  it  leads  the  heterogeneity  of  relief  aboafc 
receiving  antenna. 

ruling  ♦he  propagation  cf  pulse  signals  in  the  ionosphere  the 
"greup"  velccity  ♦ will  depend  cn  the  state  cf  the  ionized  layer. 
rrhCrTNOTH  ♦ concepts  to  "phase"  and  "grotp"  velccity  are  int;  oduced 
for  the  tttdia,  dielectric  constant  of  which  and  velocity  of 
propaiaticn  depend  on  frequency.  This  is  related,  in  particular,  to 
iopi7evl  gas.  In  sucl>  media  the  velocity  cf  prepagation  of  radio  wave 
dot  f r si  rj#‘S  speed  of  the  advance  cf  the  phase  of  wave  (phase 

velcrity).  The  gtotin  velocity  char  ict  cri  ves  the  speed  of  the  advance 
of  energy.  t NgFffT'iOTE  ] }.  The  reason  for  this  entails  the  fact  that 
Mie  li>*lfcctiic  crr.staiit  of  the  ior.i/.co  icditv,  vhich  determines 

i 
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velccity  cf  fropogatlon  of  radio  waves,  depends  on  ionization  densit] 
ind  tfo  latter  is  changed  by  teighl  c£  lajei  and  in  tine. 

Tho  ccniliticr.s  of  radiowave  propagation  affect  the  extent  of 
radio  path  and  the  values  of  the  angles  hearth  by  which  wave  coies 
into  the  pcint/itea  of  recepticr./procedtre. 

Curing  the  propagation  of  ground  waves  the  route  of  radio  teas 
passes  above  the  earth's  surface  of  different  fora,  i.e.,  aicng  roate 
occurs  the  roplaccoent  of  the  paraneters  of  the  underlying  soil.  Eil 
occur  a chance  in  the  relief.  All  this  will  cause  a change  in  the 
phase  velccity;  aicng  wave  front  phase  velccity  is  changed  to 
different  degree  and  therefore  it  will  ccccr  a change  in  the  directic 
of  rauiowavp  propagation.  Most  significant  these  changes  will  be  at 
coastal  feature. 

i Fefraction  (curve)  in  the  troposphere  leads  to  a change  in  the 

directici;  cf  the  radiowave  propagaticn  and  extent  of  radiotrassy. 
Usually  in  the  treposphere  dielectric  censtant  falls  with  an 

increase  in  altitude,  which  leads  to  a decrease  in  the  refractive 
index  n;  in  this  case  the  trajectory  bcccitef  curvilinear  with  the 
convexity,  tumcd  upward.  The  length  of  route  exceeds  geoaetrica lly 
♦he  shortest  distance  between  the  trarsxittirg  and  receiving 
I oi  nt/i  tc  ITS,  and  the  angles  of  arrival  of  wave  will  differ  frow  the 
ingles  hearth  as  which  passes  gcc met r ica 1 1 y the  shortest  route. 

The  reflection  cf  radio  waves  trcB  tie  .nosphere  also  leads  to 
change  in  l-?:i  )th  and  orientation  of  radiotrassy.  In  the  case  of  phas 
rad i c-n a V ig  1 1 io n systoras  the  phase  of  the  wave  reflected  will  differ 
frcB  titf  pli.iee  of  thr  wave,  which  is  rrcfageted  cn  arc  of  the  great 
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circle. 

Pdqe  8. 

When  csinq  the  avfraqe/iean  and  Icnq  waves  when  at  the  point  of 

i 

coception/pcoceducc  is  observed  the  interference  of  surface  and  shy 
waves,  will  chanqe  the  phase  of  the  resulting  wave.  In  the  case  of 
pulse  (*.  i ro/tc«pctary)  devices  an  increase  in  the  length  of 
' radictraesy  leads  to  the  tine  lag  oi  the  radio  wave  reflected. 

Curing  the  transnission  of  the  pulse  signals  through  the 
I ionesphere  appears  the  distertien  cf  the  shape  of  pulse.  This  is 

I connected  with  the  fact  that  the  phase  vclccity  depends  on  the 

frequency  cf  radic  waves;  therefore  the  different  frequency  coaposents 
I of  the  spectrum  cf  pulse  signal  obtain  different  increnents  in  the 

phase,  ard  the  new  phase  relaticnships  cf  spectral  components  lead  to 
the  1eli qtesccnce  of  pulse  signal. 

The  distertiens  of  pulse  signal  develop  themselves  also,  when 
pulse  duraticr  is  greater  than  a time  difference  the  propagation  cf 
lifferrnt  waves,  for  example,  with  the  siiultaneous 
recepticn/prccedtre  of  surface  and  sky  waves  in  long-wave  and 
medium-wave  ranges.  Similar  distortions  were  ebserved  during  the 
operation  of  differential  ranging  system  (frequency  f * 180  kHz;  pulse 
duration  t = 3C0  f/st)  . The  ti me/tem porar y relationships,  which  are 
obtain^'i  in  ehis  case,  are  shewn  ir  Fig.  1.  <.  Depending  on  the  phase 
rolat  ionships  of  hoth  moientuv/impulso/pulscs  changes  the  form 
resulting  that  which  go  around. 
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Fia.  1.2.  A change  in  the  fora  c£  pulse  signal  in  the  presence 
of  the  interference  of  the  surface  and  sk)  taves:  1.  and  2.  the 
pulse  signals  of  surface  and  sk)  waves;  3 - resulting  going  around, 
both  aoventaa/i npulse/pulses  are  cophasal  in  high  frequency;  h.  the 
sane,  if  iciertui/iapulse/pulses  are  antiphase. 
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Paqe  q. 

S 1.2.  Ptinclplfs  of  RAninPAL'>Of!ETPII  and  eccnracy. 

In  lanqinq  r adio-navigaticr  systPBs  (BSS)  tke  carrier  of 
navigaticral  data  is  tine  t = t (x)  . The  KasuceBent  of  tise  and 

* 

conetructicn  on  this  principle  FNS  is  pcssitle  because  of  the 
constancy  of  the  xelocity  of  prcpagaticn  cf  radio  waves  and 
strajghtress  in  hCBogenecos  nediuB. 

Dy  piolcnqed  experinehtal  studios  in  tke  different  countries  by 
•lifferent  xethods  established/installcd  tke  following  value  cf  the 
velocity  cf  propagation  of  radio  waves  in  free  space  (vacuuB)* 

c— 299693±10  KjtlceK^ 

in 

kra/s  . 

In  die  the  velocity  of  propagation  of  radio  wares  decreases  and 
lopfrds  cn  the  density  of  air  itediuB  abcut  the  poverkhnost iZeali: 

c»299693±  10  KM/ceK^^ 

0 > 

M/s  . 
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F].q.  1.1.  Sinplified  block  diaqram  ct  radio  distance  gauge  uith 
independent  tiaecs:  GYC  - high-frequency  cscillator. 

(1)  receiver.  (2)  timer.  (3)  indicatcr. 


-vMi^ov  x*?*-'  *'  - ■-  . ....  a -iinit).  f 
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PAGZ  /C<* 


If  fio;«  point  A (Pig.  1.3)  to  e«it  electrciagnetic  energy,  thea 
i* , being  prcfagated  in  the  fexa  of  radio  «a»e  at  constant  velocity  c 
in  the  direction  R,  will  arrive  to  point  B with  tiae  lag  for  a period 
BoaEurirg  the  propagation  tiae  of  radic  wave  froa  point  A into 
point  B and  by  knowing  velocity  of  propagation  c,  it  is  possible  to 
Jotersine  the  distance: 


(1.3).  R-e-tg. 


tiring  the  scasureeent  of  distances  cf  the  reflecting  object,  th 
♦rar«Bitter  and  the  receiver  of  radio  distance  gauge  are  usually  are 
territorial  cenhined  (Fig.  1.4). 
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In  this  case  the  transit  tiac  cf  radio  waves  froa  transaitter  to  the 
reflecting  object  and  vice  versa  tc  receiver  and  the  distance 

between  tbcit  F arc  connected  by  the  depcnderce: 


(1.4). 


PAGE 


Fiq.  1.4.  sinplified  block  diagram  ci  radio  distance  gauge  mith 


coabired 


eStnm 


for  th»  ctjcctiwc  it  is  establish/installc d respcnder  (Fig.  1-5);  in 
this  case  the  transit  ti>e  ot  radio  waves  fic*  transaitter  to 
rcspcndor  and  vice  versa  to  receiver  and  the  distance  between  the 
)clnt/ite«  cf  neaeureaent  and  the  responder  are  connected  by  the 
relationship; 

11.5) 

where  t^  is  a signal  delay  in  tespender's  circuits. 


PAGE 


1 r«=lay  (c£  type  "deaand  - a nawer/ros  pcrst") 
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Since  the  real  aediun  Is  net  etrictl}  cnifoca,  also  the  velocity 
cf  ptepaqatien  of  radio  ve.ves  vill  not  te  constant  in  all  path  of 
propaqaticn,  but  trajectory  by  strictly  rectilinear.  However^  the 

i 

jiven  rclaticnships  vill  be  valid  alsc  for  a real  aediue,  if  we  by  thej 
velocity  cf  propaqation  of  radic  waves  c understand  the  average  valae  < 


in  which  ace  taken  into  account  the  averaqcf  actions  of  aedina  and  tbejj^ 

' . t 

length  of  route  [4].  . “ ' • . . - 
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• ! 


With  cc apa natively  snail  distances  (hundred  of  kiloaeters)  the  j 
propaqaticn  tirae  cf  radio  waves,  which  undeilies  aeasureaent.  proves  ! 
to  te  very  low  valu®.  For  example  if  R 3 3C0  k»,  and  c = 3»1C*  ka/s,  ^ 
then  = If 00  tjEr.  j 

Therefore  appeared  the  need  for  the  creation  of  devices  for  the  1 
precisicr  acasuteient  of  small  tiae  intervals  - liners.  Their 
app  1 ica t i c n/use  made  it  possible  to  develop  radio  engineering  systeas 
for  tho  ptecisior  measurement  cf  distances. 


Accuracy  cf  radicdal* noaetrii. 


The 
vel cc  it  y 
interval 
pons  i t le 


error  in  ranging  app'cars,  if  the  tiken  average  value  of  the 
cf  propaqation  of  radic  waves  differs  from  the  true  cr  tiae 
is  measured  with  error.  h'rcn  relationships  (1.3-1. 5)  it  is 
tc  find  th"  ortcr  in  deterniriaticn  cf  distance,  after  takin 


1 
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thi>  pcirticular  ti.inslatory  decivativos  cf  cadiowave  propagation  and  ini' 

l 

teres  of  tise.  In  this  case  vc  will  cttain:  f- 


dR  . dR  .. 
dR  — — r—  de  + -V—  dig. 
oc  vtg 


Replacing  d i £f  er  .-nt  ials  by  tie  finite  iDcceaents  and  taking  into  t 
acccurt  that 


w«  will  cttain 


do  “ c ’ 0tg  ^ ' 


(1.6) 


^R^—^c■\  c Ug, 
c 


whcr»  - <1  la*  nceernaya  error;  Ac  - the  error  of  the  average  value  cf 
th'’  velocity  cf  propagation  of  ;adio  waves;  Mg—  the  error  of  tiae 
interval  /».  . ] 

i 

An.a  1 cqousl y from  relationship  (1.4)  for  a range  finder  with  the 
cofltineil  tiaer  we  will  obtain:  ! 


(1.7).  A«--|-Ac-t 
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The  txpretsicn  cf  ranqinq  error  is  correct  fcr  a range  finder  with 
respcpdet,  if  is  known  the  precise  value 

Pro»  (l.fi)  art*.  (1.7)  it  is  ewilent  that  the  ranging  errer 
consists  cf  ♦wo  teras.  First  term  is  deteriincd  by  the  authenticity 
of  the  dependence  of  the  average  velocity  cf  propagation  of  radio 
waves  on  differert  fav'tors  and  ly  the  ccrcectoess  of  the  account  of 
th‘*s€  factors. 


Page  12. 


S-^cond  tern  depends  cn  the  inst rument/tco  1 accuracy  of  radio  distance  f- 

V' 

fjaige,  i.c.,  cn  the  method  of  tange  finding,  relation  signal  - 

i 

interference,  the  frequency  stahility  of  the  sup portinq/reference 
oncillaticns  and  ether  factors.  Even  with  the  high  technical 
oorfccticr  of  tne  range  finder  when  the  ranging  error  ■ 


A/? 


whence 


Ac 

(i.h).  -TT"—- 


t 


<r 

f 


♦ h e 


hros  ( 1 . *')  it  follows  that  the  relative  canqing  error  is  equal  to  S' 
rel\riv‘  ericr  in  detoroinatic n cf  'he  \clocity  of  propjgatioa  of 

I 

? 

J 


05-15-76 


PAGE 


- - 2J 

i 

radio  waves.  This  value  of  error  is  Eaxiiiui  for  the  taken  value  of 

( 

the  accuracy  cf  the  detcrainaticn  cf  velccitj.  Let  us  find  the  value 

of  tie  error  cf  rantje  finder  fct  the  different  values  of  an  errcr  of  j 

< 

oea  s'lroae  nt  of  tiire  and  velocity. 

lot  a = 300  ka;  c = 3«10s  ka/s;  ^s;  Ac  = 10  ka/s; 

A/ir-0.1.10-»  Sj  ^ ' ♦ 

then  frcst  (1.6)  ve  cbtain  AF  = HO  m. 

If  Ac— I kD/s,  and  Af*  =» 0,01 -10^  s,  then  AR  « 4 a.  ! 


The  square  tean  of  the  errcr  of  ran<5e-l Inder 
dotervined  frca  the  fcraula: 


On  can  be 


where  Ot — is  a i cot-oean-squarc  neasurinc  error  of  distance  due  to 
error  in  velocity;  Oi — the  root-mean-s qutre  aeasurinq  errcr  of 
time.  fcr  the  examined  example  a,—  IO  m,  and  O(->30  b,  then  ob— .32 

As  can  he  seen  from  these  examples,  the  radio  engineering  nethods 
cl  the  measurement  cf  distances  possess  great  possibilities  in  the 
siense  of  an  increase  in  the  accuracy  cf  the  seasurement  of  distances. 

Ihe  radic  distance  gauges,  executed  Ly  diagraa  (see  Fig.  1.3), 
arc  called  range  finders  with  independent  timers,  by  diagrams  (see 
Fig.  1.4)  and  (nee  Fig.  1.5)  with  the  cemhired  timers. 

> 

kidic  .)i.*:tarce  cauges  with  independent  timers  are  applied  in 
radic  navigition  when  it  is  expedient  tc  have  the  one-sided  * 

com  !t  ur  ira  t icr  lire  of  communicaticn,  Radic  distance  gauges  with  the 
continad  tiaern  are  applied  in  radar  and  in  radio  navigation. 


CS-  U-70 
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For  th^  itparurenent  of  ti«€  intervals  and,  therefore,  distances 
are  appliel  tiae/temporary,  phase-difference  and  frequency  response 
methods.  In  this  textbook  will  be  examined,  lainly,  the  first  two 
vet  1 cd. 


^ 1.3.  TferatiiQ  principle  of  pulse  ranging  systeas  with  the  relay 
rotert  of  signals. 


Pulse  rargirg  systew  with  the  relay  retert  of  signals  (see  Fig. 
I.'j)  is  the  totality  of  two  devices  - inter  icqator  and  responder, 
cst at  1 ish/ins ta 1 led  in  the  opposite  points  cf  the  conaunicat ion  line 
of  cernun  icit  ion.  Interrogator  is  establish/installed  at  the 
Te.ascring  point  ct  distance  (usually  cn  aircraft),  and  responder  it  is 
cst a 1 1 ish/ ins ta 1 led  at  the  pcint  to  which  is  conducted  the  weasureaent 
of  distance  (at  the  end  the  runways,  for  exsiple) . 

I 

Thf  interrogator  of  range  finder  develops  the  coded  inquiring 
r.i.r.al,  '■Bitted  at  the  frequency  cf  demand  and  which  is  the  set 

cf  several  h i qh- 1 teguoncy  pulses,  distant  frew  each  other  to  the 
■le*  TBine  1 (cede)  tine  intervals.  Inquirinc  signals  with  the  aid  of 
intentn  arc  enitted  into  space.  On  the  earth/qround  these  signals  it 
•iccsprr.  *1e  leliy  of  range  finder  (resrender).  After  their 
aap 1 i f ic  1 1 ion  in  receptor  is  fcim/shapcd  the  response  signal,  which 
w i t )i  the  ,ii  I of  the  transmitter  of  relay  and  antenna  is  OBiittrd  into 


r 
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space  at  the  frequency  of  answer/response  f^,  which  differs  £ro» 
interrogation  frequency.  Response  sign.il  also  is  the  deterained  code. 

Intetrcqator  picks  up  signal  cf  respcnder;  after  aaplification 
ai.d  ccnvetsicns  ir  receptor  response  signal  enters  aeasaring  circuit 
where  is  determined  the  tiae  interval  between  inquiring  and  response 
pulse  signals,  ard  then  it  is  deterained  distance. 

The  time  lag  of  response  signal  relative  to  inquiring  is 
leteroincd  hv  the  propagation  tine  of  radio  waves  frea  interrogator  to 
respcnder  and  vice  versa,  and  also  by  the  stpplcaentary  signal  delay 
to,  ccmccted  with  the  feraatier  cf  response  signal  in  responder  and 
oroccssing  response  signal  in  interrogator.  Value  to  does  not  depend 
on  distance  and  is  considered  during  aeasuEesent.  The 

coiumunicaticn/connection  between  time  lag  and  the  neasured  dist,.:nce  is 
de<et«incd  by  fotaula  (1.5). 

In  pulse  ranging  systems  as  inquiring  and  response  signals  are 
utilized  pulse  high-frequency  cscillat iens. 

Page  14. 

The  ire isurcnent  cf  propagation  tiae  substantially  is  lightened  during 
pulse  ndic-wave  emission.  Figure  1.f>  shows  the  time  diagrams  of 
processes  kith  the  pulse  method  of  the  ireastrements  of  time  intervals. 
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Fron  rliairaR  it  follows  that  th^  tiae  Jag  c£  response  signal  is 
il*>t  iiK'j  as  difference  between  ti«e  of  rccepticn/piocedure  ^ and  of 
epi  iss  iou/  radiaticn  the  elccticoagnet ic  energy: 

^AM  “ (f*  + nT)  — (Ia  + nT)  >m  ft  — f^; 

•••  /*  - fa.  ...  i 

For  determining  the  propagation  time  of  radio  waves  it  is 
neccrsiry  to  acccrately  know  the  tcrgue/mcacnt  of  their 
emiss ion/tad iat ion  being  the  zerc  tiie  reference.  For  this 

purpcse  at  the  pciit  of  recepticn/procedrre  (at  measuring  point)  it  is 
necessary  tc  stcre  the  zero  time  reference  (torque/monent  of 
en  i s.sicn/ r ad  iat  i cn  <a+**^)- 

For  storage  cf  time  serve  the  timers  (synchronizers),  based  on 
the  U£«  of  high-stability  oscillations,  developed  as  crystal  or 
molecular  cccillator. 

The  relative  stability  of  crystal  oscillators  can  be  led  at 
prestrt  tc  ♦he  value: 


Th"'  tare/drift  of  such  "hours"  A/— IG^T". 


wh*'r*‘  T ir  » duration  of  storage  ot  tine  for  determining  reading 


■'  V • 
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For  days  (T  * 86.400  s)  care/dritt  will  be  eqaal  to: 

c-i 

A/- l(H-86400- 10-*  ctK. 


This  coiresfcnds  to  care/drift  on  1 s for  ticee  years. 


’’aqe  16. 


Tho  relative  stability  of  oolecular  generators  is  characterized 
by  the  relation 


(1-  U) 


- 10-'». 


•^olfcular  generators  have  a hardlirg  the  cays; 
, A/-IO-'*-r-r(H  ca*. 


This  coirrsfcnds  ♦o  carc/drift  on  1 s in  3C f years.  However,  already 
through  days  hccaise  ct  the  aeasuring  errors  of  tiae  is  arcuvulatcd 
the  veasurinq  error  of  distance,  equal  to 


AR-e-Af-a-lO*'  IO-*-3  km. 
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For  an  increase  in  the  accuracy  cf  tic  aeasureaent  of  distances 
it  is  necessary  tc  shorten  the  storage  tiie  reference  point.  This  is 
reachtd  ir  rargirg  systens  with  the  relay  retort  of  signals  (Pig. 


■ 


ri<).  1.7.  ihe  tiae  diagraas  of  pulse  (locesses  io  ranging  RSS 
relay  retort. 


rey:  (1)  em iss ion/radia tion  in  A.  (2)  rcccpticn/procedure  and 

<»"i i.sF ion/ ra.1  iat ic r in  B.  (3)  reception/pxcccdnre  in  A. 


nputM  u utny’MHut 
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The  total  ti»e  between  inquiring  and  rcspcnse  signals  is 
dotrcBintd  by  the  expression,  analogous  (1.5;: 

\i 

+ /4a • 

Consequently,  the  error  of  range  finder  with  the  relay  retert  of 
signal  can  be  deternined  from  expression  (1.1). 

Page  16. 

The  ccirnur  icaticn/connection  between  the  r cct-aean-squace  aeasacing 
errors  of  distance  and  tine  interval  of  the  tiae  lag  of  reciprocal 
raoBf’ntum/impulse/Fulse  relative  to  inquiring  can  be  found  froa  this 
expr FS s ic  r , i .e . 

e 

(1.  11).  "e-f*'' 

In  t hr'SF  nyrtems  substantially  is  siiplified  the  storage  of  the 
i^rc  tine-  H'(rr‘*rco.  Instead  cf  several  heirs  (when  using  in 
avii*icn)  or  several  days  (when  using  in  fleet),  as  it  takes  place  in 
ringr  tindors  witli  separate  tirers  (sro  Fig.  1.3),  it  is  required  to 


I 


stct€  reference 


tor'iue/nc *ciit  of  enission/radiaticn  to  the  totque/aoaen t of  the 
reception  c£  pulse  signal  (for  a period  of  tiae  of  radiowave 


rs-  i5-7(. 


p 


Key : 


Piq.  Anbiquity  of  readirq  in  sai[led-data  systeas 


(1)  eBis£?icr/radiation  in  A.  (2)  reception  in  B. 
1 ^ . nr  I ifajiyvtMut  S A 
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In  pul.so  ranging  systosa  nith  the  lelaj  r«!tort  of  signals  can  ' 

> ;'v 

irifp  tht!  aibignity  of  reading.  This  possibility  escape/ensues  of  theN 

'iy 

periodicity  c£  piccesses  in  impulse  circuitr.  Tlao  interval  is  Vi‘, 

R'?asuto<l  between  reciprocal  aoaentua/iapulEe/polse  and  first  the  «hicfc-;';j; 
crecedeu  it  interrogation  pulse  (Pig.  1.8).  The  measured  time 
intcrv.al  will  be  equal  to:  ’ ' - 


“ fj  + a T, 


wh»re  T is  equal  the  repetition  period  of  irtericgation  pulses;  n is  e 
numlrr  oi  whcle  repetition  periods  of  the  interrogation  pulses,  which  i 

V 

•re  placed  for  the  propagation  tine  of  nc lertur/impulso/pulses  fros 
inquiring  station  to  the  reciprocal  and  vice  versa.  I 


T’aqc  17. 


Cf  the  last/latter  equality  it  follows  that  in  tho  general  case  < 

the  reading  of  range  is  ambiguous,  since  is  unknown  the  number  of  i 

f 

I 

whole  p<^ricds  n.  The  cenditior  of  the  unegcivccal  reading  of  range  is  . 

\ 

the  i reg ua 1 i t y;  ; 


(1-12) 


I 


PAGE 


A.s  an  example  let  us  find  the  extreme  \alue  of  the  repetition 
froQiiency  cf  the  in terroqation  pulses  (and  period)  of  the  rangiag 


system,  wlich  has  the  maximum  range  300  Kt  ly  which  is  still  possible 
thf  urof]  u ivocal  determination  cl  distance.  Frci  expression  (1.12)  it 


folic ks  flat 


3- 10*  KMiceK 
2300  tCM(x: 


2000  MMCCK 


The  ceil  cepetiticn  frequency  cf  i nt errrg at icn  pulses  is  selected  less 


luraticr  of  interrogation  pulses  usually  is  selected  into 


Jiurltfds  and  theusand  of  times  less  than  the  repetition  peried  cf 


•eom 'n  tu  m/ impu  Ise/pul  ses  it  cempeses  value  ficm  the  tenths  of 


mirtos*'r<  nd  to  several  microscccnds 


inciii)  radic-naviqation  systems  with  the  relay  retort  cf  signals 


tan  t < s»  ver  a 1 f c t m 


i iitrrrc]  It  n is  »>laced  ct  aircraft,  ler.pcnder  on  the 
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- intcttcqatcr  it  is  placcil  cn  the  € acth/qround,  responder  on  ^ 
aircraft; 

i 

it  is  placed  by  the  ccnbincd  ranqinq  P>S,  which  hawe  interroqatac<  j 

i 

frlS 

rnd  ttspcndor  bcth  on  the  earth/qrcund  and  cn  aircraft. 

In  tie  first  case  the  r.aviqaticnal  infccaatlon  about  ranqe  is 

r 

obtained  directly  aboard  the  aircraft  and  is  utilized  for  navigational^ ^ 
tarqet/purpcses.  !,;j 

t' 

In  ♦he  second  case  the  naviqaticnal  inloraation  abcut  range  is 
clt  aired  cn  the  c ar t h,'qr cund  and  transaits  to  edge  for  use  in  [ ' 

nav  iqat  ic  pal  target/purpeses,  or  it  is  utilized  on  the  'aarth/ground  i.f*;. 
the  interests  of  the  flight  contrcl  (inducticn,  air  traffic  controls) 


In  tie  third  - given  on  range  are  drained  bcth  on  the 
eartl/grccrd  and  cn  aircraft. 

In  each  fccB  of  systems  are  inherent  tleir  special 
1 ca t u le/j ecu  1 ia cities  and  properties,  in  particular,  capacity.  For 
example  tie  capacity  cf  ranging  system  with  interrogator  on.  aircraft 
is  dttergined  by  the  possibilities  of  gtcunc-bascd  responder,  his 
cha  r g in  I . 

'•age  Irt. 

with  *he  frequency  cf  i nt  c rrega  t ic  n pulses  P and  number  .a  cf  the 
roc  u'^st  i n 1 lircraft  ^ he  amount  cf  recipcccal  mcmentun/iiipulse/pulscs 
will  1 <• ; 


L 


I, 

t- . 

t 

r-'  ^ 

»■ , 
i. 

1 

C’ 

» 
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Tho  oaxinuit  value  ritiun  is  restricted  tc  tcanseitter  of  responder, 
to  hif  average  pever.  Usually  nMtm^20  — 100  aircraft  it  is 
simuHatiecus.  Each  responder  is  designed  fer  the  detersined  charging. 
However,  in  practice  to  respende.  can  enter  larger  the  nunber  of 

f 

inquiring  signal!;,  than  it  is  atle  to  re-enit.  In  connection  with 
this  in  rcspcnler  must  be  provided  the  neasures,  which  shield  hin  frea 
ever  leading. 


6 1.4.  Eetheds  cf  acasureaent  of  tiro  intervals  in  pulse  ranging 
sy  s t e ITS. 


The  very  iitpcrtant  stage  of  work  of  pulse  ranging  systews  is  the 
r.ea  su  rone  nt  tf  the  very  sirall  intervals  cf  tine,  which  are  of  the 
order  of  n i 1 1 isecend s.  let  us  pause  at  the  netheds  of  aeasureaent  cf 
such  tine  intervals. 

At  th-»  principle  of  all  nethods  of  mcasureaent  lie/rests  the  j 

(-•or  I ari  !;c  n cf  the  measured  tine  interval  vith  sene  standard  censtant 
cr  a 1 t<‘r n at i ng/ vaiia hie  intervals  cf  time  or  the  conparison  cf  the 
T.edscte)  in*etval  with  the  apprccrijte  interval  cf  any  slowly  elapsirg 
process. 

r.urinj  the>  neasuremont  of  time  intervals  are  applied  the  direct 
T'^theds  and  compensation  methods.  Direct  methods  are  based  cn  the 
direct  m e lEU  t r”n-*n  t ol,  time  interval.  Cemponsatien  methods  are  based 
on  » 1 •’  suhst  i tut  icii  of  the  measured  interval  by  ether,  artificially 


I .*  . 1.. 


05-  15-76 


PAGE  37 


int  rcOuctil,  and  ct  value  (Jetecninaticn  of  tic  latter. 


lea  f c tea  tint  cf  tise  interval  with  the  aid  of  electron-beas  indicator,  j 

I 

This  ffothod  finds  vide  applicaticn  in  radar  technology.  Its 
esscrc"  censists  cf  the  following.  The  trarenitter  of  inquiring  | 

station  s iv ulta nccusl y with  the  censunpt icn/prcduct ion/gener aticn  of  i 
inquiring  signal  starts  square-wave  generator,  and  the  latter,  in 
turn,  the  voltage  generator  of  scann i ng/s weep  (Pig.  1.9).  Sweep  trace 
on  sert-on  CRT  {^^T~  cathode-ray  tube]  - tiie  a*is  is  foraed  during 
the  deflection  of  the  ray/beaa  of  the  tube  with  the  fron  left  to  right 
saw-tco*-h  sweep  cscillatcr  voltage.  Under  the  effect  of  this  vcitage 
tho  cle.'tcon  team  »oves  over  screen  with  certain  constant  velocity^^ 
Cn  crvplrtion  of  the  foreward  stroke  cf  scar cing/sweep  the  vcitage  on 
il-*tli=ctor  plates  decreases  and  ray/beam  retrrns  to  starting  positicn. 
•tick  streke  oust  end  to  the  arrival  of  the  following  inquiring 
(St d r t inq/la unch i ng)  Bomentur/inpulse/pulse . 


r-igc  19. 


For  a r>orioi  flylack  of  tube  rasitsya  by  large  negative  displacenent 
OR  its  grid.  poi  a period  of  focew.ird  stieVe  the  tube  is 
open/ i i sc  1 OFC d by  the  mr vent UB/in pul sc/pu 1 se  of  illuaination. 


J 
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Payc  20. 

Signal  fion  the  output/yield  of  ceceivcc  after  its  aaplification 
to  the  nt-cessary  level  vith  video  amplifier  is  supplied  to  the 
vertical  dcflectcis  cf  tube,  cacsing  the  appearance  ol  a 
momentum/ impulse/pulse  of  answer/respense . lhas,  on  screen  CBT  [V7/  ~i 
cathode-rav  tube]  vill  be  visible  the  me icn t ua/inpulse/pulses  of 
zapera  arc  answer/response.  Since  the  begitning  of  scanning/sweep 
coincides  with  the  beginning  of  intettoga tlcn  pulse,  the  glouicg  spot 
on  tube  facr  will  be  moved  in  hcrizontal  diiecticn  synchronous  with 
the  moticn  of  interrogation  pulse  in  space,  but  at  considerably  lower 
speed.  The  dis*arcG  up  to  which  will  be  displaced  the  spot  up  to  the 
torgur/mc Jon t of  the  arrival  of  ttc  echo  {ulsc,  depends  on  distance  of 
the  reflecting  constant  scarninc  speed  this  distance: 


r-"  , 
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(1.  Id) 


/ 


M-R, 


w h r I'^p 


is  a scanning  speed;  (1  - the  scale  cf  linear 
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* 


scarrinq/svf^ep. 

Th*»  «€afurn»€nt  of  the  delay  tine  in  tie  reciprocal 
■oien  till/ icpulse/pulse  can  be  realized  Mith  the  aid  of  "mechanical* 
"electrical"  tanqc  scale  directly  cn  tube  face.  If  thickness  risk  on 
the  rcale  dees  net  exceed  the  size/dimensicr  of  the 
soa^rtuu/iirpulse/pulse  of  answer/cespense , then  the  accuracy  of 
read  in  is  deteriined  by  the  distance  betuecn  tuo  adjacent  divisions. 
Operator's  eye  tadly/poorly  distinguishes  pacts  within  limits  1 an. 

1 

I 

This  dis' ince  usually  is  selected  between  two  adjacent  markers.  The 
size/diversicn  ct  the  entire  scale  for  cn-tcard  indicators,  as  a rale* 
lo"E  not  exceoi  ICO  no.  Therefore  operator's  error  will  compose  j 

appioxinatcly  the  half  of  the  scale  graduation,  i.e.,  in  this  case  of  i 
O.Sc/c  of  length  cf  the  scale,  j 

Tho  Techanical  scales  give  parallaxes.  The  electrical  scales  are 
free  froit  thes**  errors;  however,  the  instability  of  the  oscillator 
fregurncy  cf  electronic  markers  can  cause  a change  in  the  scale  value.i 
Th'^y  are  ccsxcnly  used  several  sut-rances  of  range,  then  at  short 
iUstarc*^E  the  atsclute  error  of  ranging  senevhat  descends. 

i 

The  size/d i mension  of  the  scale  cn  scope  can  be  increased  by  the  i 
app  1 ica' icn/tse  cf  the  circular  sweep  which  is  formed  during  the 

supplying  to  th“  horizontal  and  vertical  deflector  plates  of  the  tube  ; 

1 

of  '■he  sire  vcltages,  out  of  phase  by  9C®.  The  speed  of  the  motion  oC 
spot  jlcrj  c i ECUS ference  will  be  constant,  i.e.,  scanr. ing/sweep  linean 
in  tiire,  cnler  tic  condition  of  the  strictly  sinusoidal  form  of  sweep 
volt.jge,  tie  phase  shift,  equal  accurately  ^C®  and  with 
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•I 


tih»;  rc 


X it  nd  y - 


Ovut 


- the  sensitivity  of  tute  cn  X and  X to  plates; 


■ (Jm  — the  aiflitude  of  the  stresses,  atplied  to  plates. 

A 


Pa<je  21. 


Election  beat  passes  one  circunferencc  during  the  voltage  cycle 

P 


cf  scann i rg/svcep  Tp  at  constant  velocity  equal  to 


whore  to  L 
r 2« 


the  swoop  length;  r is  a radius  of  scanning/svecp; 


Tho  leqinring  of  scanning/sweep  is  <ieterBintd  by  the  beginning  cf  the 
il I u B ina t ion  of  tube,  which  coincides  with  the  torque/acaent  of  the 
I'll  iss  ion/ tad iat  ion  of  aoientua/inpulsc/pulss  by  tho  antenna  of  the 
ttarsBittet  cf  cargo  finder. 


ii 

V- 

i' 
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Tho  block  diaqrdB  of  the  irdicator  cl  tange  finder  with  circular  g 
sweep  is  deoicted  on  Fig.  1.10a.  Signal  ftt»  receiver  is  supplied  tc 
the  rad.jl  deflection  terainal  of  Elie's  tube.  Under  the  effect  of 
inguirinq  and  reciprocal  aoientua/ia pulse/p ulses  (negative  polarity) 
riv/bea!ii  differs  froa  center.  In  this  case  at  sweep  trace  appear  the 
overshoots,  which  correspond  tc  these  scaentua/iapulse/pulses. 
n^cipiocal  DC le nt DB/iapulse/pulse  will  appear  at  a distance  ) froa  the 
inquiring  (1.13).  This  distance  is  propcrticnal  to  the  range  which  isj| 
counted  c£f  cr  display  scale. 


’age  22. 


"eisurement  of  tiie  interval  with  the  aid  of  needle  indicator. 


If  at  each  point  in  tine  is  ccnductcc  the  range-anplitude  display 
of  ere  object  and  of  range  finder  it  is  net  reguired  the  large 
rescluticn,  possibly  the  appl icat icn/use  cf  an  arrow  indication  (Fig. 
1.  1 1.!  and  1.1 1b)  . 


r/iHH 


Omitm 


Senptc 


1.11.  Wcasurpient  of  tina  inlaital  ttith  the  aid  of  the 


f!€rdl€  j ri'l  ic  a t or : a)  the  blocK  dia^ran:  fid  • transnitteci  PHB  “ 
roceivor;  -Jit  h - the  generator  cf  the  linearly  growing  roltage;  GSl 
Hte  gc’nridtcr;  EfS  - the  block  of  search  and  tracking;  PD  [ 
inst  r tiio  r t panel]  - peak-detectcr  ; and  - integrator;  OPT  - dc  .. 

inipJifir-r;  b)  fiee  diagraas. 


(2)  indicator.  (3)  deaand.  (4)  answer/responso 


Key  : ( 1 ) 1 1 irer 
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Intorcoqatot *5  transBittcc  sinultanccc sly  with  the 
consoBpt icn/rroduction/generatlcn  ct  inquicing  signal  starts  the 
geneiatoc  cf  the  linearly  growing  voltage.  Ihe  increase  of  this 
tension  ceases,  as  soon  as  at  tie  cut put/yicld  cf  receiver  affears  the 
Bcir-»r  tu*/iv { ulse/f  ulre  cf  answer/response.  The  level  to  which  each 
ti*e  grows  the  tension,  and  is  the  measure  cf  tine  interval  between 
the  pulse*  of  interregation  and  answer/re sp ense. 


Page  il. 


Voltage  of  the  generator  is  supplied  tc  peat  detector  (see  Pig. 
I.lli),  as  load  of  which  serves  integrator.  The  integrator,  which 
stand*  after  peak  detector,  wakes  it  possible  tc  decrease  the 
fluctuating  error. 

For  the  elifination  of  the  effect  of  eitraneous 
momontuBi/in'polsp/pulsGs  on  the  vetk  of  tanging  device  (for  exaeple  the 
nc IT" r t ’JB/ i j ( u Ise/ f ulrcs  cf  ansver/rosponse  tc  strange  deaands) 
rocciv--'r  is  cpcn/disclosed  to  tFe  specific  tire  with  the  aid  of  ■■ 

special  qate/strcle.  The  temporary  situaticn  of  gate/strobe  is  , 

ifeternined  by  the  special  search  circuit  and  tracking;  gate/strebe  ^ 
ust  a tt-a  vi  1 i vaotsya  relative  to  interrooat  icn  pulse  so  that  tne 
nooertuii'/inipiilr.e/i  ulsc  cf  answee/respense  always  would  be  located  ia 

t 

the  Jiildle  ga  ♦e/*  trehe.  ? 

W!i 'n  u.'.iiii  direct  methods  cf  the  reading  cf  range  is  possible  thet 
ipp  1 i c.i ♦ i c n/c E>  cf  several  scales.  For  tFe  exchange  of  scales  it  is 
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nec<=££ary  tc  charge  seaming  sfced  duiing  canging  by  aeans  of 
elect  ion- 1€  IB  indication;  if  range  is  neatoied  kith  the  aid  of  needle 
indicator,  tfcen  fer  scale  change  it  is  necessary  to  change  the  rate  ofl; 
the  foraation  of  the  linearly  groving  vcltace.  ' 

Elec t lon-bea I and  needle  indicaters  arc  related  to  the  diagraas 
cf  ccntirucus  aeasureaent. 

rulse  repetition  rate  of  a precise  gcncratcr  is  selected  scaewhat 
larger  than  the  cepetiticn  freguency  cf  the  Measuring 
aoa^ntua/ iBspulse/pulses  of  rough  generator.  The 

V. 

BOffontua/ iapulse/ pulses  cf  both  generators  ate  supplied  to  ccincidencef 
circuit;  during  their  first  aqreeaent  werk  cf  generators  ceases. 

Coiin*-cr£  cenpute  the  aoount  of  aonentuk/itpulse/pulseSf  which  appeared. 

1 

h. 

It  »hf  output/yield  of  each  generator.  It  accordance  with  Fig.,  1.13 

e 

teasure)  tiae  intervals  will  be  equal  to:  ! 


(1.15) 


wh»re  u and  r are  a nunber  of  Bcaentut/iofulse/pulses  of  rough  and 
i)rfciso  s-iries;  At  - the  fracticnal  part  of  the  rough  period,  neasured^ 
with  tlio  .lii  cf  a precise  pulse  train.  [ 


(l.lf).  A/-Af  (r,  — f,)- 


1h-»  I e 1 a i enr h i p of  tho  ncriodc  of  the  oscillations  of  rough  and 


PAGE 
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precise  qereratots  is  determined  by  the  oiftessicn 


Then  value  At  is  equal  to: 


The  leeasured  interval  taking  into  account  cenversions  is  deterained 


the  expressicn; 


(ui*)).  [yv-  — (*- Djr,. 


Page  24 ■ 


Thus,  by  kncfcing  coefficient  of  k and  periods  T|,  as  a result  of 
calculaticn  N anc  r it  is  possible  to  ottair  the  more  fine  reading  of 
time  interval  (and  range).  Accuracy  vill  be  determined  by 
relationship  Ij/k.  Value  k usually  mere  than  10;  therefore  the 
ai>p  1 ica t icn/use  cf  a vernier  method  lowers  the  error  more  than  10 
timer,  in  cemparisen  with  the  indicator,  which  has  the  only  one 


qenocdtoi  cf  ireasurinq  Bcmentui/impulso/pulses. 


C5-  IS-?#. 


•<p.isur»'»ent  cf  tiie  interval  by  ccBpariEoc  lethcd  with  the  standard  | 
interval  cf  tise.  | 


In  this  case  are  applied  discrate/flicital  type  neters  whose  ' 

( 

out pu t/y i eld  conveniently  is  ccnnected  with  digital  coRputetr.  At  tie* 
principle  cf  this  aethod  lic/rests  the  tse  cf  a special  generatcr  of 
the  »€isuiing  mcBentuK/inpulse/pulses,  repetition  period ^7^  which  is 
known  nrcviously.  The  generator  of  measuring  acaentua/iiipulse/pulses  t 
is  started  by  inquiring  signal  and  is  stopped  reciprocal.  Pulse  [ 

f 

( 

counter  cemputes  the  amount  cf  lomen t un/i sp ulsc/pul ses  for  time  t 

r 

intorvallf'p  corresponding  to  the  measured  distance.  J 


Ht.  1.12.  r!easure«ent  of  tine  inteival  ty  cosparison  with  the 


Key:  (1)  frco  t cansmittcr.  (2)  counter.  |3)  ftoa  receiver.  (h) 


nepedairiuuKa 


(£) 

OfnOtm 


tipu9*^tina 


JonpeclV) 
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The  oprrarinq  principle  of  the  Jiscretc/digital  aeters  of  ti«e  j 

I 

intervals  is  explained  by  Fig.  1.12.  The  reading  of  range  is  obtaincd| 
in  discrcte/d  icjital  forn.  Discrete/digital  inlerval  is  epoal  to  the 
reiirtiticr  period  of  neasuring  Booentui/ iip  tlsc/pulses  . The 

iteasiiied  tiie  interval  crn  be  determined  ty  the  foraula: 


(I.IU)  (A/- O-T"., 


where  N is  a ruoiter  of  measuring  ncoentus/iipulse/pulscs,  calculated 
by  counter  for  the  operating  time  of  gereiatcr. 

Page  25. 

If  two  time  intervals  differ  by  the  value  lesser  than  the  period 
cf  mcasurirg  mcinertum/iinpulse/pul  ses,  counter  will  not  note  their 
differetice.  For  an  increase  in  the  accuracy  of  the  measurement  of 
*-iine  interval  it  is  necessary  tc  raise  the  repetition  froguency  of 
Tejsuring  irc  nient  u i/i  mpul  so/pu  Ises.  Sc,  if  the  permissible  measuring 
error  of  distance  is  10  d,  then  pulse  repetition  rate  must  be  15  .IHz. 
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Fil.  1.1J.  fte.i sur<>Bent  of  tine  interval  ty  coaparison  with  the 
vocri'jr  standard:  a)  blcclc  diagram;  b)  tiw€  diagrais. 


Key:  (1)  the  GII,  rough,  (2)  counter.  (3)  fre*  transiltter.  (4) 

rani)«.  (<4)  GII  is  precise.  (6)  counter.  (7)  ftow  receiver.  (8)  the 
»easuted  interval.  (9)  rough  scries.  (10)  a precise  series. 


nput^nUKO 


. 6*1 

A 

anmepSaji 

0 f ? S <>  5 6 
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tputia*  repu»  fy , 

7 « 9 <3  ft  ' 

! 1 I'l  1 1 L, 

-•f-,  — ro'»>o»  cepu^ ) 
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1 1 IJ 
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for  an  incr«-asp  in  the  accuracy  cf  tfc  disc  ret  e/digital  eeters  of' 
tiirc  inteivalr  is  utilized  the  principle  cf  electronic  Teenier.  In 
this  cane  indicator  ate  two  generator  cf  teasuring 
aoinentua/i»r ulse/pulses  (Pig-  1.13).  cne  generator  deyelops  the 

I 

series  cf  rough  Bcnentua/inpulse/pulses,  and  the  second  - the  series  < 

I 

of  precise  ncientuB/iapulse/pulses.  The  first  generator  is  started  hfj 
interrogation  pulse,  and  the  second  - by  tfp  ncBentan/inpulse/polse  of 
answer/response.  Repetition  period  of  the  ic Bcntun/inpulse/pol ses  of 
the  tough  generator  Tj,  and  precise  T*. 

Page  26. 

leasuroTient  of  tiie  interval  by  ccopensa t i we  aethod. 

In  <tiagraa  with  the  cospensative  aetiod  of  aeasurenent  of  tiae 
interval  (Fig.  1-14)  interrogation  pulse  starts  the  generator  of  the 
scanning  vcltagc  and  siaulta necusly  enters  the  diagraa  of 
al  t er  rat  i r.g/ war  id  tie  delay.  The  delayed  pulse  of  transaitter  and 
reciprocal  »c Biintua/iapu Ise/pulse  fres  the  cutput/yield  of  receiver 
are  supplied  to  the  vertically  deflection  spstea  of  tube.  The  delay 
time  in  tie  interrogation  pulse  they  chance  until  this 
i»ca''ntiin/ iipulso/pulse  coincides  in  time  with  the 

noBient'in/ iirpuls-»/piil.>o  of  answer/resp ense . Then  delay  factor  is  equal 
to  »he  me  i£ II red  tine  interval.  Aqri''=>mpr t zepresnoto  and  reciprocal 
Ti;  til  m/ iisp 'ilso/ 1 111  ses  is  rccoid/fixed  by  ccaparison  circuit.  During 


05-1S-7f. 


PACE  - 


Thp  result  cf  ucasureaent  is  note-l  cn  the  position  of  the 
idjustaojit  kncb  cf  delay  time  by  the  counter  of  range  or  by  another 
inuicatoc. 

The  icot-aean-square  error  of  the  reading  of  tine  interval  will 
be; 


wh«rc  the  o|  and  oj  are  variances  cf  errci  cf  operator  and 
instability  ct  delay  tine  in  resperJer's  egripnent. 

Page  '21. 


1*  is  possille  tc  note  the  versiens  cf  diagrams  with  the 
cem  pe  psa  t i v**  metfed  of  measuroment  of  time  interval,  which  differ  in 
terns  of  the  cascade/stages  cf  cemparisen. 

l'*t  IS  examine  measuring  circuit  with  the  cascade/stage  of 
cemparisen  on  cathode-ray  tube.  The  inteiicgatcr  of  ranging  system 
works  in  » he  range  2J0-3C0  MHz  by  Bone n tu  1/ i rpulse/pulses  by  duration 
1 ps  wi*h  twe  responders  at  different  carrier  frequencies.  Thus  it  is 
lossiH'  r.c  simultaneously  deteriire  distacce  to  two  points.  Let  us 
'‘XiVBir.e  wcik  cf  the  measuring  circuit  of  tine  cn  one  responder's 


oc  IT'’ r tiiT/ iff  r II  Ise/ p ulses  (Fig.  1.1b). 
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Fi'}.  1.15.  Block  diaqrai  of  the  oeasureBent  of  tiBe  interval  io 

t^/(r  KP 

the  lanqinq  systes;  Isuq  - crystal  oscillatoi;  or.  - the  kaskal  of 

5HO 

-scanr  in  g/ sweep,  t-iot  - the  block  of  marking  pulse;  D«tt  - frequency 
divider;  SD  sun  sensor  - the  counter  cf  range;  K?I  - the  kaskal 

of  ifffulse  shaping. 


Key;  (1)  tc  transmitter.  (2)  frca  receiver. 


CS-1S-76 


PAGE 


57# 


Voltaq*?  frcB  the  crystal  cscillator,  nMch  is  the  seasor  of  the 
frequency  cf  tinct,  approaches  divider/derciinators  and  is  utilized 
then  for  the  foriation  of  circular  sweep  cn  scope.  Parth^'cacre,  the 
voltiq**  trea  crystal  oscillator  is  utilized  for  the  iapulse  shapinq  ot 
marlt.  The  posit  icn  of  aarting  pulse  is  strictly  connected  with  the 
hegirring  cf  scanrinq/sweep.  After  vcltage  diwiders  they  are  supplied 
to  phas-'  inverters;  phase  inverters  play  the  rcle  of  the  diagraa  of 
con^icHcd  delay.  Voltages  fro  the  cutput/yield  of  phase  inverters 
are  supplied  to  the  pulse-shaping  circuit  cf  the  starting/la unebing  of 
transii.ter. 

Th ? trigger  pulse  of  transiitter  is  ferv/shaped  with  certain 
lead/aJwa rce  cn  tine  relative  tc  narking  pulse;  lead/advance  depends 
on  thr  pcsiticn  cf  the  rotors  cf  phase  inverters. 

rage  IS. 

The  trigger  pulse  cf  transwitter  is  developed  during  the  agreenent  of 
three  BCtentuv/iapulse/pulses,  which  differ  in  repetition  frequency 
♦ei.  ‘ine.  ijp  taken  mocentUB/iipulsc/pulse  cf  answer/response  passes 
Mircuah  tt?  receiver  and  approaches  the  racial  deflection  terainal  of 
tuhe,  where  is  su(plied  marking  pulse.  Ovring  the  rot ation/tevoluticn 
jt  the  roters  or  phase  inverters  the  ic bs r t c (/i wpulse/pulse  cf 
tnswet/rt f penso  begins  tc  aove  ever  circular  s' cep  to  narking  pulse 
I.lf).  At  the  torgue/Bcnent  of  the  jcceeaent  of  these 


ooinen  til  s/ i IT  pilso/p'jl  sps  is  counted  01  f tie  largc  on  the  position  of 
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tho  knob/£tick<=:  cf  phase  inverters.  For  eersitization  of  ranging 
'lev  ice,  besides  the  basic  scaoning/sweep  (150  kt) , have  an  additional 
twc  accelerated  (IS  and  1.5  kn)  whose  selection  is  realized  by  a 
switch  (fcsition  3,  2 and  1 respectively). 

The  Bonentui/iapulse/pulses  cf  answe r/tespcnse  and  nark  tarn  oat 
to  be  these  which  were  cenbined,  when  delay  tiae  is  equal  to  the 
supplenent  of  the  Measured  tine  interval  to  the  repetition  period  of 
nomontuiii/ impulse/ pulses.  Hith  repetition  period  T and  the  Measured 
interval  't ^ the  delay  tine  it  will  cemptise  /i—r — <«.  Counter  is 

onuBtrated  in  unity  T — . 


os- 


PAGE 


6f 


>s  th''  c ascac«/staqe  of  cciparircn  with  the  coapensative  lethod 
cf  jtasuiciTfnt  ot  tine  interval  can  hie  utill7€d  tlae/teapoca ry 
disc c ia  i natoc.  1c  time/teaporary  discr  in  inatoc  enter  i.eciprccal 
tome iituai/ icpulse/ pulses  even  two  slave/servc  ■onentuB/lapulse/polses 
(Tates  In  this  diagrav  occurs  the  ccapariscn  of  parts  of  th« 

reciprocal  nc sentua/iapulse/pulse,  which  coincide  in  tiae«  with 
different  gatc/strobes  (Fiq.  1.17a).  If  the  aiddle  of  reclprccal 
cioBicntuia/ lapulse/pulse  ccincides  with  the  aiddle  of  gate/strcbe,  tbea 
•^he  eircr  signal  will  not  be,  with  the  shift  cf  reciprocal 
r.ono r til n/ i npu Ise/pul se  relative  to  gatc/strcbe  tine/teaporary 
-1  iscr  ini  natoc  develops  the  voltage,  propciticnal  to  tiae/teaporary 
ilisat)t.^i'ii«nt/gisiatch  At  and  which  corresjcrds  tc  it  on  sign. 

Th'  usually  cutput  pulses  of  t i me/t e » p crar y discr iainatcr  are 
converted  intc  nc  voltage  with  the  aid  of  integrator.  Voltage  cn  its 
out  pii  t/y  i e 1 1 will  grow  step/stages  and  £ci  n of 
raoirer  tun/ iff  p II  Ise/pulses  will  be  eqtal  *^0: 


(1.1C)  Al/.  .A/, 


H 


i 


m 


!< 


where  *,p  is  a transaission  factor  of  t i ffc/teoporary  discriainator. 

Ill’  simplified  block  diagtaa  ct  ccapcrsative  type  range  finder 
wi*h  ccrj  iLiscn  circuit  cn  tiae/temtionarY  discrininator  is  shewn  in 
"ig.  1.17I-.  ih.i'  cscillaticns  cf  crystal  oscillator  are  utilized  for 


he  tcriT.l'icn  o*-  the  slawe/srrvc  sonen*' u j /i  s pu  Ise/pulses  and 
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Kiq.  1.17.  Hie  cascade/staqe  of  ccapariscn  on  the  tiie/teBporaryf 

iliscr  in  in  atcr ; a)  failure  diaqrans  in  tie  ciaqraa  of  the  | 

i- 

» 

t i in*^/*»!n  j ct  1 r y -1  iscrioinator:  1 are  ooircnti'B/iBpulse/pulses  of  : 

answrr/rejponro  ; 2 - the  slave/servo  me  me r 1 1 B/iopulse/pulses  (qate  ; 

oiil-s^fi)  ; j,  4 - ffcmentuB/iapulse/pul  ses  at  the  output/yield  of  the  t 
cancaiie/.^t  iq^  of  the  aqreenent  cf  tine/toipcrary  discriainatet ; 5 - DC 
volt  ICO  cn  the  output/yield  of  ti ue/t en po r a r y discr iainator;  t)  the 
hlock  diaqtiB  of  liutcmatic  range  fimler  «itl  t iae/toaporar y , 

dir.cr  i.ni  r ator  as  the  cascade/staqe  of  tto  cciparison:  VR  is  a 
» ime/ ton p era r y di scriiinator ; ROZ  - the  adgtstatlc  delay  circuit;  GSl  j 
- the  g'reritcr  cf  the  slave/servo  acaont  ni /iapulse/pulses.  [, 


Koy ; ( 1 ) t i Ter . 


r 
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H<].  1-18.  Converter  of  time  interval  into  the  code;  GII  - the 
qenetator  cf  neasuring  mCBentui/iitpulse/pulses;  and  - gate;  DS  - 
binary  corntet;  Vcl.  - flip-flcp. 


Key:  (1)  tociprccal  aomentu B/i n pulse /pulse.  (2)  interrogation  pulse 


rs-  is-7o 
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In  iliqital  ccaputer  coaputaticnal  techtclogy  the  process  of  the 
(Tea  SI  ie:B6  nt  cf  tiie  interTal  by  calcuJatirc  aeasuring 

ircnontuni/ impulse/pulses  is  called  the  ccnveisicn  of  tiao  interval  iato 
ligiral  cede.  Tating  into  account  the  character  of  digital  net«»ork 
-•Icnents  the  converter  of  tiae  interval  intc  code  will  take  the  fora* 

I 

d’oicted  cn  Fig.  1.18.  Converter  consists  cf  the  pulse  generator  cf 
tho  stable  frequency  £,  cf  electrcnic  cconter,  flip-flop  and  logic 
circuit  Coerter  can  work  in  the  binary  or  ether  nnaeration 

systev  (6). 


Page  21. 


As  is  krevr,  eperation  aaw  - this  is  the  eperatien  of  logical 
ml  t it  1 icitic  n vhich  is  reproduced  with  the  aid  of  the 
c.jr ie?-t:crnectad  electrical  circuits.  The  aaount  of  such  circuits  is 
^qual  to  the  aacurt  cf  inlets.  In  the  abserce  of  signal  on  cne  of  the 
inlets  the  series  circuit  is  bccken,  and  at  the  output/yield  of  cell 
signal  will  net  be.  Figiure  1.19  deoicts  the  diagraa  of  cell  iL. 

XnT./^  nr-i') 

'’xecuto  1 cn  two  transistors  — pt — . Cutput  potential  will 

be  ciily  ir  such  a case,  when  ate  opened  teth  tciodes  si nultaneously. 
Triohs  trigger  theaselves  after  signal  arrival  ii  and  Xg  in  the  focn 
cf  r< native  t rises.  In  an  exanple  in  guesticn  - these  are  the 
•soir  a r tu -/ i ?T-'i  l-»^/ pul  ses,  which  enter  one  inlet  from  the  generator  of 
neastiiinc  irc  men  t uB/ia  pu  Isc/pu  Iscs . ' To  the  secend  inlet  of  cell^enters 
»’-ie  ? c f t ijB  / in  f I)  1 se/ptil  SG  frea  the  single  cutput/yield  of  flip-flcc. 


C5-15-76 


Thus,  c-jll^will  pass  on  output/yiell  seastiing 

BO jc n tm/ impu Ise/ culses,  while  the  reciprccal  acaentun/iapulse/pulse 
cf  range  finder  will  transfer  flip-flop  intc  toe  zero  state.  In  this 

rise  cne  cf  the  inlets  of  cell  will  be  deprived  of  signal 

/0yc€»e/M 

therefore,  coll  will  be  shut.  Ccnttcl  cf  work  of is  realized  by  1 
a flif-flcp.  Flip-flop  is  the  two-stage  dc  aaplifier  with  deep 

jositive  feedback,  which  works  in  relay  ncde/condit ions.  Control 

VA 

P'ulso  of  cell^is  remove/taken  fton  the  sitgle  cctput/yield  of 
flip-flop.  Fcr  obtaining  this  vcnentum/iBprlse/pulse  it  is  necessary 
to  feel  signal  tc  the  single  irlet  of  flip-flop.  This  signal  is  the 
inte c rog j t icn  pulse  of  radio  distance  gauce.  The 

t ra ns  la t i cn/cen version  of  flip-flop  into  the  zero  state  is  conducted 
by  reciprccil  me  vent  u*/i  ippul  se/p  ulse.  Flip-flcc  in  this  state  does 

n 

not  pulse  into  diagraa  anwd.  Flip-flops  can  be  constructed  beth  on  the 


election  tubes  and  on  transistors. 


/ 


M.;  *tK 
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Th«  electronic  counter,  ittendel  for  tic  counting  of  pulses, 
consists  of  the  Bcaory  anu  gates,  aerhra? rysdnykh  shapers  and 
flip-tlooo  (Pig.  1,20),  Are  aost  coascn  tirary  electronic  ccunters. 


Page  i 2 . 


£ciir-tit  binary  integrating  aeter  (see  Hg.  1.20)  co^ists  cf 


) COILSl 


^ (To~T,),  aezhtazryadnyk  b shapers  (P<,-rj)  and  gales 
(lo'Ij)-  Ir.  each  flip-flop  is  record/fixcd  the  corresponding  digit  cf 
'he  binary  equivalent  of  the  aicunt  of  ac aertua/iapulse/pulses, 
subicct  to  tie  inlet  of  counter. 
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Tho  single  cutput/yield  of  each  flip-flop  cf  low-ocder  digit 
conntct  ulth  the  calculating  irlet  of  the  adjacent  flip-flop  of  the 
high-crdet  digit  through  the  aezhcazr yadnyy  shaper. 

Shapers  consist  of  the  differentiating  circuit  and  diode;  diode 
trarsiits  the  only  negative  pulses;  are  intended  for  the  impulse 
shaping  of  transfer  upon  transition  of  fllp-flcp  froe  the  one  state  to 


Ke  assume  ♦•hat  tho  flip-flop  is  invertted  during  the  supplying  to 
its  calculatirg  irlot  of  negative  pulse.  Ecfore  beginning 
schetapostupayuslchikh  counter  pulses  is  establish/installed  in  zero 
position  hy  the  negative  pulse,  which  corresponds  on  tiae  to  the 
interrogation  pulse  of  ranging  system,  the  moventua/ispul se/polse  of 
zero-setting  viist  have  a duration,  which  exceeds  transit  tiee  by 
flic-flcp. 

Work  cf  electronic  counter  is  illustrated  by  time  diagrai  in  Fig. 
1.21.  kftcr  the  admission  of  the  first  regative  pulse  on  the  inlet  of 
counter  intc  tot c le/mcment  t,  the  flip-flep  cf  the  low-order  digit  T* 
is  i r v'^r  t ted  and  passes  over  tc  the  one  state.  The  potential  by  its 
single  output/yield  grow/rir.es;  thciefore  shaper  does  not  issue 
Tcpent'in/ iapulse/pulse;  in  counter  recorded  binary  number  0001. 


Page  .11. 


[cirt  in  timo  t,  to  the  inl''t  of  ccunter  enters  the  second 
;ir  m*”- f'l  >1/ i IT  r u F inverts  flip-flcp  Tq  into  the  zero  state. 


C5- 


PilCE  ^ 


poTfrtiil  at  its  sinql.?  output/yield  iall5,  Ehapec  Pq  gives  cut  the 
nt’gative  {.iilse,  which  pstablish/installs  fliF~flop  Ti  in  the  cne 
.jta*c.  Since  in  this  case  the  shaper  P|  does  not  issue 

wore  ntua/ iff  F u Isc  / pul  se , state  ct  te’iainlng  ilip-flops  will  not  change* 
In  cctntct  zpaisaro  0010. 


I 


IS 
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fiq.  1.21.  The  tine  diagram  of  binary  counter  (DS) : 1 - inpu 

y\ 

enisle-  (BCJontUB/iapulso/pulseE  free  Gil,  tfc  casts  cell  airi-  - Pig. 
1.1R);  2 - output^icld  T^;  3 - output/yicld  «j  - output/yielc  T 
*5  - cut- piir/y ield  6 - output/yield  T,;  7 - cutput/yield  P*;  8 - 

cutput/yicld  Ts. 


tf  tj  tj  (•  tf  t$  If  tf 
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The*  third  aicsen  tum/iapuls€/pulse  (fcirt  in  tiae  tj)  again  Mill 
invfrt  flip-flop  Tq.  it  vill  pass  into  the  one  state,  the  petential 
at  its  r.irglo  output/yield  will  increase,  ard  the  state  of  reaaining 
Oricc<=r  circuits  it  will  not  change.  In  ccenter  is  recorded  binary 
numtci  0011. 

The*  fcllcwirg  Boaentiia/ia pulse/pnlse  will  transfer  flip-flep  T, 


ilse  1 
TJ 


froir  th‘>  cne  state  into  zero.  Shaper  it  giwes  out  the  negative 
pulse,  which  upsets  flip-flop  T|  into  the  zero  state.  If  in  this  case 
the  pctortidl  of  single  flip-flep  falls,  then  shaper  ^ it  gives  out 


it  gives  out 


•^^h**  negative  pulse,  which  establish/insta  lls  flip-flop  T*  in  the  one 

state.  At  output/yield  F*  the  ooaentuv/iiap ulse/pulse  will  net  te.  Inf. 

t 

coun*'cr  will  he-  recorded  the  nutber  0100  etc.  ^ 


r.Kje  .14. 


After  the  supply  of  fifteenth  mcmentui/iapulse/pulse  all  Origgec  ; 

t 

ciicuits  will  be  establish/installed  into  tie  cne  state.  Is  recorded  h 

numher  - 1111.  The  following  nc oont un/in p u Ise/pulse  will 

ent a fc  1 is h/itis ta  1 1 counter  into  the  initial  state.  ■. 

Thus,  thf  n-lit  binary  counter,  whicl  consists  of  n of  Oriqger  ; 
rircritr.,  can  cc^ptite*  - 1 Bcnrnt  ur/i « p tlse/pulses.  The  recorded  t 

in  cctrter  number  is  stored  in  the  form  of  the  levels  of  the 
po  t f’ n t i a Is  cf  Orieger  circuits  and  can  be  tiansiittcd  into  ancthet  t 


‘"W 

aegi  I 1 


f'-twrik  eU‘m-'nts;  tor  this  necessary  to  fese  steering  ispiilae  ui  tc 
•V.*'  or  Ur  01  apreep-^nt  .11  (b)  . 
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Th*’  hinaty  r.uibet,  tecocd/fixfJ  with  ccuntec,  is  proportional  to 
tbo  tiae  intetvjl  between  in ter r egat ic n pulie  and  the 
ao»e r tu»/ ie pulse/pulse  of  the  answer/re£ perse: 


(1  .?C) 


^e-/. 

' N=*kN. 


The  prtctical  diaqrans  of  the  converters  cf  tiae  interval  (range) & 
into  bintry  ccle  take  the  aore  coaplex  fcia;  they  allow  during  one  g 
ovcle  of  xeasuroxents  to  obtain  the  binary  equivalents  of  the  range  ofp 
aircraft  tc  different  points. 

I ■ \ 

liosides  the  direct  use  of  a binary  equivalent  of  range  in  digital^'| 
coar'itor,  the  pci  uchennoyeznacheniye  cf  ranee  can  be  identify/indexed  ‘ . 
with  the  aid  of  needle  indicatcr.  For  this  purpose  one  should  use  the 

I 

convrrt^'r  cf  binary  code  into  angle  cf  ictaticn  (Fig.  1.22). 


rotation;  r - input  reqistar;  SO  - cco(dii£cn  circuit;  so  on 


rotation  (range).  (4)  the  rest  "code-vcl tare" 


i 

fiolcftmt 
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Converter  consists  of  input  reijister,  cenverters  "angle-to-code* 

aii'l  "col  fc  - VO  1 ta  q t ”,  aiplifier,  the  enqine  ard  ccapacison  circuits. 

/oA<« 

ttf'qister  consists  of  the  oeaory  and  and  serves  for  short-tec« 

storece  and  delivery  of  binary  code.  Intc  ccaparison  circuit  enters 

"4|  a, 

two  ccie;  input  N and  the  code  of  the  shaft  position  of  enqine 

//— 

d«'velcp-?i1  by  converter  "anqle-tc-cc1e".  A clfference  in  the  codes^ 
enters  ccrv'rter  "code- voltage". 


Prge  35. 


f 

? 

! ' 

J -e; 


-i 


the  vclraqc,  proportional  to  this  difference  is  the 

error  :;ign»l,  which  through  the  anplifiet  approaches  engine.  In 
steady-state  aodr  the  input  signal  of  avpliiier  is  virtually  equal  to 
i c : 

Thus,  tlie  engine-swivel  angle  will  be  piopcrticnal  to  the  range 

s«A/ s ^ 


f 1 


A 
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P.iqes  35-71, 


1.5.  fircurd-tased  and  aircraft  equipaer.t  cf  pulse  ranging  systeas. 


As  ill  f'xaaplc  of  pulse  ranging  PNS  let  us  exaaine  ranging  systea 
CIS  ard  tip  rangirg  part  of  the  azimuth-rancing  system  Tacan.  Each  ofi 
thpT  is  t!ip  systea  of  near  action  with  deaard  froa  aircraft. 


■i.inqing  cquipiront  of  CflE. 


fulse  rar.qing  systea  DHE  wcrks  accccdirg  to  principle  "deaand  - 

% d 

answ ; t/response" ; is  intended  for  naviqatict  and  aeasureaent  of  I ) 

I i 

'iist.inc“  cf  tciichdown  point.  Intecrooitoi  is  placed  aboard  the  f j 

*'1 

lirrrift,  respcnder  it  is  placed  on  the  e at tk/gicund.  ; | 

Intettcqitor  works  in  any  cf  ten  HF-CHANNELS  in  the  range  56(>-990>,  | 

^ 4 

'’.ilt.  I'p'fcp.lcr  also  can  utilize  any  of  ten  waves  of  range  1185-121S  a 


T'l  uij'.uring  and  response  signals  centain  on  two 
.iP  r » 'I '■/ i 1 p'l  l.;e  / i i:l  ses,  the  intervil  hetveen  which  depends  cn  the 
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polectf'-l  coje.  The  duration  of  cody  in:ervals  can  be 

rst  a t li  s h/i  ns  ts' 1 ] ed  from  14  ps  to  77  ►iS  vithin  7 ps  . In  all  codes 
10,  and  t.ikiiiq  into  accoint  10  operatir.ii  frequencies  the  systea  DHE 
has  ICO  f tcquency-code  channels. 

In t « rreqator  (Pig.  1.23)  it  is  the  prircifal  part  of  the  on-bcard 
iii'.tarce  neasuring  oquipsent.  Kcrk  cf  the  interrogator  of  range 
finder  in  system  with  transponder  beacon  cccurs  as  follows.  After 
selection  with  the  crew  of  the  r.orrospcnd  inc  chastotnokodorogo  chacnel 
the  intoLcegator  tegins  to  trarsnit  the  ceded  pairs  of 
mone  ntum/ iirpu  Ise/pulses.  Coding  is  realized  as  follows.  The 
t ra  nsmitter  of  frequency  ^ is  iiicdulatec  ty  twe 

ncir.e  n tu;n/ i I piilse/f  uises:  directly  trcB  the  cutput/yield  of  tiwer  and 
delayed  in  the  cede  line  of  tise  delay.  relay  line  is  sertiona lized 
■md  a llow/assuaes  obtaininq  any  of  10  values  of  delay  pointed  out 
I a bov  e . 

The  ircmontuB/impulse/pulse  in  the  out  prt/yield  of  delay  line, 
which  cor  responds  on  time  to  the  second  interrogation  pulse,  starts 
the  diagtaiT  of  linear  tije  delay  ( pha  ntas  t r c n)  , record/f  ixinq  the  zero 
‘ime  re  fere  nee. 

— I’a  le  jfi. 

Th.‘  tr  1 rsm  i t tf-r  of  transpender  heirnr  (Fiq.  1.2**)  in  the  absence 
or  deninds  ftem  -iirc:ratt  continuously  ■’irits  the  pairs  of 
:iio  m-- p tu  o/ 1 irpu  l;;e/ I ul  ses  with  the  de»er:nined  frequency.  When  beacon 
f">qin.s  t accent-  interiogator  ’ s me  i'’ n t u r/ i ir  { u 1 so/pu  Ises,  it 


05-15-76 


PAGE 


r^>ccnst  r ucts  its  operating  node  and  answers  the  interrogation  pulse 
with  delay,  the  answer/response  cf  beaccn  occurring  to  the  synchronous 
pulses  ot  tlemand.  The  nedium  frequency  cf  tork  of  beacon  is  retained. 
If  demar.'is  coiro  fron  several  aircraft,  then  transponder  beaccn  answers 
fach  sy rc hrcncuE 1 y to  its  denands,  without  changing  the  nedion 
frequency  of  repetition. 


/.a5 
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tiq.  1.23,  Clock  diagram  of  the  on-toard  station  of  the  ranging 

ifpji  Kjts 

systoir;  - transmitter;  Khr  - timer;  Rii-  the  code  line  of  delay, 

SL?'^  - the  diagraa  of  linear  tine  delay;  'flZ-  delay  line  of  constant; 

njc 

GRS  - the  generator  of  early  gate/strebe;  CfS  - the  generator  of  late 

KTC  cC. 

gate/ftrehe;  KTS  - the  cascade/st age  cf  trifle  agreement;  tim  [ - 

V K/T 

Soviet  'Jnicnl  - cemparison  circuit;  y-  aiplifier;  IS  [ - ion 

senscrl  - the  meter  cf  range;  It  - range  indicator;  GPI  - samtocth 

3y  ja  rctf 

generator;  ZU  [ - memory  unit]  - memory  rrit;  g-  detector;  GSI  - 

the  ceneratcr  of  strobe  pulse;  heterodyne;  ~ IF  amplifier;^n 

- vxdeo  aiflifier;  SVP  - the  diagraoi  of  the  isolation  of  call;  — 
the  indicator  of  call. 


Key:  (1)  co<Je;  (2)  relays  tracking;  (3)  serreh. 


hi'l.  1.24.  Hock  diagram  cf  th*»  gtcunc-based  responder  of  the 
tanct  tinier:  C#*  " mixer;  gf  - dct^'ctor;  KUb  - code  delay  line; 


- mixer; 


{I*  - code  delay  line; 


Coi:rs«  Syst.-m  - the  cascade/st  ace  of  agreement;  kz  - the  cascade/staqe 
c f clc.iini;  V ;j  - video  amplifier;  Kl.’’  - code  delay  line;  u - 
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Paqc  37. 

Intpircqat.icr  pulses,  in  passinq  by  thiouqh  the  receiving  circuit 
cf  q r cun .1 -based  transponder  beacon  (relay  cf  range  finder),  are 
supplied  tc  decoder.  It  consists  of  the  cascadc/stage  of  agreeaent 
and  code  delay  line.  The  pair  cf  the  taker  Eoaentua/iapulse/pulses  is 
supplied  tc  the  cascade/stage  cf  agreeaent  directly  to  one  inlet  and 
with  tompcrary  d i 5 placement  - cn  ano' her.  leaporary  displacceent 
corrcrpcrJs  tc  the  esta bl ishcd/insta 1 le d cede  interval  (Pig.  1.25). 
Output  pulse  appears  only  in  such  a case,  wlcn  the 

o»st  3 b 1 is  h ed/ i rs  t a 1 led  interval  is  equal  tc  the  interval  between  the 
pair  cf  i iit'^r  roqa  tion  pulses. 

Ill  r*'£pcnder's  circuit  is  conducted  tie  ceding  of  response 
signals  sc,  as  this  was  made  in  interrcqatci.  Transmitter  emits 
paittc  recjcnse  signals  at  the  frequency  cf  answer/response  fo* 

For  j poriod  of  the  omissicn/radiat icn  cf  reciprocal 
.nonet' tu  r/ i I p u IsG/ pul  SOS  the  receiver  cf  tie  relay  of  range  finder  is 
rut  cti  with  the  aid  of  the  cascade/st a jo  of  closing. 

The  t.iken  by  aircraft  reciprocal  'scmentum/inpulse/pulses  are 
n.isstd  tlicuqh  the  receiving  circuit,  triegeted  by  the  generator  of 
the  strobe  puls"  which  provides  the  recepticr  cf  signals  to  maximum 
range.  lien  the  cutput/yicld  of  videc  avplifier  reciprocal 
'no®*M'*u.n/ i ®p  u Ise/ I ul  sts  approach  dsccdei  anc  t i ve/t  ompora  ry 
'User  in  : i;  itcr. 

r‘'r'),l*>r  is  apaloqoup  that  which  vrs  cxaiirel  earlier;  here  the 


I 
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cascad»»/rta  j€  of  aqroe»ent  is  united  uith  siirilaE  cascade/stages  of 
tisie-s'jlf ctcr  circuit. 

Th“  tiap  selection  is  provided  by  the  displaceaent/aoveaent  of 
two  qato  pulses  fcllowing  the  reciprocal  deccdcd 

CTomer tun/ isp ulso/pulse.  For  this  by  the  trailing  edge  of  pulse  of  the 
diagram  ct  linear  time  delay  are  started  tie  generators  of  early  and 
late  Etrcva.  The  constant  delay  before  tie  first  gate/strobe 
coTcrnsites  fer  the  tine  delays,  which  appear  with  the  decoding  of 
siiinals,  and  the  delays  in  the  relay  cf  ranee  finder.  The  delay  line 
of  the  cerstant  tetween  the  generators  cf  gete/strobes  provides  the 
enquired  overlap.  Gate  pulses  together  with  the  undelayed  and  delayed 
video  nuises  cf  answer/response  approach  twe  cascade/stages  cf  triple 


a jreejent  . 


C5- 1 S-76 


PAGE  /3 


cc 

Fiq.  1.25.  The  decoder:  a)  the  block  aiaqram:  »»  - the 
coiriciderce  circuit,  KL7.  - code  delay  line;  b)  the  time  diagrams  of 
processes  in  decoder. 

key;  (1)  inlet;  (2)  output/yield;  (3)  after  KIZ, 
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me  38. 

The'sc  lid'jratrs  develop  the  voltages,  pcopcttional  to  the  overlap  of 
the  decoded  reciprocal  BCnentui/impulse/pulfc  vith  each  of  the 
gatc/ftrebes.  Cerparison  circuit  Issues  fiither  the  voltage, 
propciticr^l  to  the  bias  of  the  decoded  rerpense  signal  relative  to 
the  Biddle  of  gate/sttobes.  In  the  aicde  cf  tracking  this  voltage 
♦hrciigh  the  pewer  amplifier  vill  be  teed/ccrducted  as 
iiprov lya y ushchegc  voltage  to  the  diagram  cf  linear  tine  delay 
(pha rtast icn) . Ccnttol  voltage  will  be  charged  with  respect  to  the 
disc lacouent/BOve tent  of  reciprccal  mcmentui/impulsc/pulse,  which  will 
cagsf  the  proporticnal  displaceaent/racvemen t of  the  output  pulse  of 
1 li  a nt  .j3t  i cn . Therefore  gate  pulses  will  acccopany  reciprocal 
ircEetit'.ini/ iapulse/pulse  on  range. 

Sinc^  the  ccr.trcl  voltage  on  phantastren  is  the  linear  function 
of  the  tesporary  situation  of  reciprccal  rc Bentun/iapulse/pulse,  its 
value  n»i VPS  as  the  measure  of  distance  fiCB  aircraft  to  the 
iround-based  relay  of  range  finder.  The  »etet  of  range  recotd/fires 
i s V 1 1 u r . 

In  the  search  mode  for  reciprccal  me le rt uv/impulse/pulse  as 
ccpticl  vcl’-age  is  supplied  the  sav-tenth  vrltage  froi  the  Iccal 
c:!rj  litter.  Ti  ir  voltage  causes  th-i  slew  d isplaceaent/movewent  of 
jite  pulses  ov<>r  t iao/t  empor  ar  y axis.  As  reen  as  gates  pulse  will 
initiate  tc  synchicnize  with  reciprocal  me  sent UB/inpulsc/pulse,  relay 
i‘  will  r-.itch  diagram  to  the  bo  le/cr  rd  i t i c r s of  tracking. 
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Curing  th«  tiansaission  of  call  the  lesfonder  eaits  the  third, 
-inpp  l€3i-.*ntary  !iic»€ntUB/i«Fulse/f  ulse.  Ho  is  utilized  for  the 
connectic r/i ncl usion  ot  the  indicator  of  call. 

•'.yntf.B  petforsances  DME,  accepted  in  IlfAO. 

Panic  these  systeas  DIB,  accepted  in  IfitO,  the  following. 

System  DnB  must  provide  continuous  and  precise  indication  aboard 
*-ho  airersft  cf  slant  range  to  grciind-tased  tespender.  Systen  aust 
provile  verk  in  all  directions  to  responder,  up  to  height/altit ude 
?.2'}0C  -I. 

Iho  fuel  charnels  of  DBE  are  formed  by  the  pairwise  coabinaticn 
of  f rr  1 1 r- ncies  of  the  demand  and  answer/res  (cnse.  Frequency  band  the 
DIR  is  »5C.C-1215.0  MHz,  the  separation  of  radio-frequency  channels 
for  i liemind  and  an  answer/response  is  equal  to  1 dHz.  Deaands  and 
ans^cr/reiponsos  consist  of  the  pairs  cf  ire  lentuB/iapulse/pulses  by 
lurution  3.5  jig  , 


Th?  system  BhE  contains  2f2  f requency-cede  channels.  The  ruaber 
ot  chinutl  l^te r nine e the  combination  of  frequencies  and  interr egatien 
code?  an.i  an  s ver/response.  I n t err  ega  t i c n frequencies  lie/rest  in  the 
iinq^  1Hz,  a total  ot  126  f r^*qu€ncies,  whereupon  each 

're  luotiov  cf  trnge  is  repealed  twice,  with  different  code. 

'ns V ■ t/r  " ponse  f re  i uenc  ies  occupy  range  1213  flHz,  a total  cf  252 

:r**  each  frequency  cf  range  cerrespends  one  of  the  two 

code': . 

Th!  interval  between  the  bc  menr  u n/ i if  p u Ise/p  ulscs,  constituting 


t 

A'  Ih 
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the  cc'lo  vapccs  ct  deaand,  has  the  followinc  values: 
charnel  X 12  ps 

charnel  Y 36  »is  . 

The  cede  intervals  of  ansiier/respcnse  lave  respectively  values  12r 
»nd  K ms  . 


Faqe 


The  avera-je  pulse  repetiticn  frequency  cf  Jeaand  Bust  not  exceed 
30  dual  ic sen tuB/iapulse/pulses  per  second  tnder  the  assuBpticn  that 
tihc/c  of  time  it  is  expended  cn  tracking  even  5c/o  of  tiae  - cn 
search.  If  necessary  to  accelerate  search  the  repetition  frequency  of|, 
the  pairs  cf  moBentun/iapulse/pulses  can  be  increased,  but  net  Bore  [ 
than  to  150;  in  this  case  the  pulse  repetiticr  frequency  vith  tracking 

1 

it  irust  net  exceed  30. 

Th o capacity  of  responder  is  designed  lor  the  naxiaua  density  of 
.110‘^icn  ct  to  10c  aircraft  (is  selected  lesser  value). 


hanging  device  of  »he  system  of  short-range  navigation  Tacan. 


Th-^  ta  iic-ndvigation  systoi  Tacan  is  avimutb-ranging  systes. 
This  svr.tcff  consists  of  the  phase  radio  beacon  and  pulse  responder, 
e.'.t  a 1 1 ioh/insta  1 1 ed  at  radio  navigation  jcirts  in  the  earth/qtound, 
an  i tic.t  installed  equipment  - pulse  inteirccatcr  and  tvo  receiver 
iirrliys  (phase  gcnicoetrical  and  pu  1 S'"*  ranging). 


i 

I 


Til'  ramin-j  part  of  the  syrten  werks  according  to  principle 
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"Joniand  - jnswor/response"  (Fig.  1.26).  Tte  repetition  frequency  of  j,- 
interrogation  pulses  comprises  approxiaat cl j 30  Hz,  whereupon  for  each) 
of  the  interreqaters  it  is  different.  In  transponder  beacon 
recittocal  me  me nt tm/iapulse/pulses  aust  be  synchronous  with  inquiring 
in  rnp.it  iticn  frequency.  With  cne  transpender  beacon  virtually  they 
can  werk  to  100-120  aircraft,  equipped  with  inquiring  stations. 

System  works  in  the  range  SHF  rC0*^  - seporhigh  frequency], 
frequency  range  S60-1215  MHz.  The  aaximui  range  of  action  is  450  km 
It  hn  i jh t/altitude  15.000  m.  In  system  it  is  provided  126  frequency 
channels,  each  charnel  being  the  two-way  ccinunication  channel  cf 
ccmmuricaticn.  Thus,  for  the  transmission  cf  demand  and 
answf t/responso  there  are  252  frequency  charnels,  divided  by  interval 


in  1 hflz.  All  these  channels  are  divided  fcj  three  groups  from  which 


‘■xtt€m«  - for  1 ground-to-air  transmissior,  and  average  - from 
aircraf*  tc  the  earth.  | 

i 

Pespender* s hasic  cel l/elements:  the  ictatcry  antenna  of  special 


con s t rue t icn ; peratchik;  receiver  and  the  ceding  device.  Antenna 
fiysten  censists  cf  the  central  active  emitter  A and  ten  passive 
ce  1 1/e  I"  ire  nt  s.  Passive  col  1/e  lemert  s are  fastened  on  two  cylinders 
from  dielectric.  On  internal  cylinder  is  fastened  one  passive 
cel l/tleraent-ref lector  (10),  which  inparts  to  characteristic  the  form 


cf  cardie  id.  On  jacket  are  fastened  nine  tfe  passive  cell/e lement- 
lircctors  (1-^)  , that  torn  the  ray/neams  cf  star-shaped 
char  ic-ef  ist ic.  The  active  part  of  the  antenna  is  motionless;  toth 
cy]ii.i'’rr  rotate  synchronously,  providing  the  rotat  ion/revol  uticn  of 
1 1 1 i 1 1 i cn  patten. 


3 

k 


®ntict>  antenna  systea  is  included  into  hernetically  sealed  loticnless 


jacket.  Antenna  rotates  at  a rate  of  15  r/£.  The  principle  of  the 
revclvinq  anpravlennoy  characteristic  is  utili2ed  in  the  qonicaetrical 
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fi'j.  1.26.  Plock  diaqraa  cf  th®  ranqirg  part  of  the 

iz  i init  h- i -a  ng  i n-j  rysten  Tacun.  a)  the  block  diagcan  of  transponder 

bpacon;  b)  the  block  diaqrae  of  the  ranging  part  of  aircraft 

QQr 

egtiipaent;  >i  at^r  ~ reference  oscillator;  SSij  - ccincidence  circuit;  • 
- It  ul  ti  V i I la  t or ; SLV7.  - the  diagram  of  linear  time  delay;  FT  - phase 
inverter;  p-  potentiometer;  SD  [ - sun  sensor  - the  counter  cf 

iar.<)‘>;  (IS  I - the  cenerat.or  of  strobe  pulses;  VB  - tiae/teaporary 
1 iscc  lit  i i:  »tcr  ; y - amplifier;  -c-n.,  - engine;  1 - the  channel  of 
n*^  er  to  lation  piilres;  2 - the  channel  of  the  feraation  of  reference 
niilets;  1 - he  channel  cf  tracking. 

'•''‘y : (1)  antciina;  (2)  antenna  switch;  (1)  receiver;  (“J)  transmitter; 

C')  ladi  iticr  pattocn;  (6)  Kodit.  d'-vict;  (I)  Hz;  ( fl)  or;  (7)  tc 
1 1 1 nr  111  * t .^r  ; (17)  frent  receiver. 
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Tho  accepted  by  antenna  paired  pulses  c£  derand  are  deciphered 
with  rh-?  aid  ct  decoder  and  are  supplied  tc  the  coding  device.  In 
receiver  is  provided  the  diagrar  AGC,  which  supports  at  output/yield 
the  ccnst.int  ruirter  of  paired  pulses  in  order  to  ensure  the  constancy 
cf  the  pctosity  c£  transtitter.  The  lesser  the  nuaber  of 
int*»rrogaticn  pulses,  the  greater  the  aopli  f ication.  In  proporticn  tc^j 
the  increase  in  the  nuaber  of  requesting  ac lentui/iapulse/pulses, 
ricise  me b e r.t u s/i f pulse/pulses  are  displaced  inquiring.  If  coae 
dr>aandn  irero  than  free  one  hundred  of  aircraft,  then  answer/responses  ^ 
ire  sent  the  only  to  those  by  ere  hundred  i rterregators  who  have  aore 
intense  sigrals.  This  systea  is  rational,  since  aircraft,  wLich  are 
loi'jnrt  in  the  urea  of  airfield,  will  net  retain  without 
ariswet/response. 

In  the  cclirg  device  single  nicirertuB/iipulse/pulse  is  converted  ! 
in*c  piirsd  arl  is  delayed  to  the  deteraintc  constant  interval;  this 
l‘»vice  provides  the  supply  pozvnykh.  The  block  diagraa  of  the  ranging* 
v-M*  cf  thr>  aircraft  device  consists  cf  three  channels:  the  channel 
of  the  pulses  of  in  t er  roqat  i cn , chann-^l  of  the  fernation  of  reference 
;>uls*'s  arc  channel  of  tracking. 

Th.  block  diaqcaa  of  each  cf  tho  charnels  is  shown  in  Pig.  1.27t; 
in*.  ►’!  ro  1 1 * ion  pulsar,  are  forr/shape  ) with  the  aid  of  the  coincidence 
circ'i  i»  c;  r.S,,  reference  pulses  are  se  pi  ta  te/1  iberatod  in  the  diagrar - 
cf  “e  1 cf  SS..  Tefnttr.ee  |ulscs  ear  be  moved  in  tite  with 
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* ‘'o  Tit  cf  {.hi.T-  invoiter  md  €i;')ine.  Tht  cia9rda  of  linear  ti>e 

itliVX)  - L'hantastcon  serves  tor  rcugh  tanQinj;  a delay  in  the 
rlidr»ao*rcn  is  regulated  by  the  vcltaoe  cf  the  potentiopeter , 
ro'i»rcllfel  ty  the  engine  of  the  channel  cf  tracking.  So  is  realized  a 
delay  ot  th**  reference  puls«f.  relative  tc  inquiring  in  the  iiaits  of 
*he  entire  range  cf  systea. 

To  t i no/tamrorary  discrisirstcr  jvr.)  are  supplied  ceciprocol 
soiten  tuK/ inpu  Ise/pul  ses  fro*  the  cut  ptit/y  ie  Id  cf  receiver  and  the 
Tone r tu V/ ierulso/ I ul SOS  cf  tracking.  An  iti  cutput/yield  appears 
••rrcc  vcltjge  (Fig.  1.17a),  werk  super! ntc  rdent  cf  engine.  The 
re.iding  c t range  is  conducted  cn  digital  type  counter;  the  fidelity  of 
nnqe  to  las  i»;Jy»C.25o/o  of  the  measured  rarqe. 


Aircraft  naviu.aticnal  range  finder  SC-67. 


;ii  V i gat  icn  .1 1 range  finder  SD-67  is  intended  for  installation  on 
rassnhirskikh  and  transport  aircraft.  Sangc  finder  SD-67  pernits 
inpl'^tren*  ion  cf  an  instantaneous  search  fer  reciprocal  radio  signal, 
.I'ltcir.itic  ringing  relative  to  the  respenders  (radio  beacons)  of  Dns 
ird  vo?rAC,  arc  also  autcnatic  selection  cf  any  frequency-code  channel; 
over  a wide  range  of  frequencies. 


'IC  It?., 


".ng*:  finler  is  developed  takir-i  intc  account  the  requirements 
irp'-tiiy  1C,  for  convention  TKAC. 
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In  itr  ccafcfition  they  enter: 

1.  rt^nqe  finder  on  shcck-abEorb inq  ftaire. 

2.  Ccntiol  lanel. 

3.  Fanqe  indicator  of  ICR-I  (2-3  pcs.  ). 

>t.  Onicclo;  for  supersonic  aircraft  - slot  antenna. 


'fKf*  ['** r f o r p 

Th->  trarsnission  of  inquiring  siqnals  is  realized  in  the  range 
from  1025  to  1150  BHz  on  126  record/fixsd  channels. 

Th’  recepticr  of  response  signals  is  realized  in  the  range  free 
56  2 to  u**  BHz  tc  252  record/fixed  channels  with  interval  in  1 HHz. 

Sot-up  time  to  the  selected  channel  12  s. 

'Il'f'  pow^c  output  of  transsitter  is  net  less  than  1.25  kh  in 
Topir  n til  p/  imp  u Ise/  fulse. 

hcceivor  sionsitivity  - is  not  worse  than  116  dB/H. 

I-ope  t it  icn  frequency  of  the  inquiring  pairs  of 
aoni'ntum/iinpulse/pulses  30^^  6 Hz. 

CO'l^  intervals  between  interrelation  prises: 
charnel  X /t 

channel  Y 9SX 

code  intervals  between  the  acff“ntuff/iBpulse/pulses  of  the 
innwer/if 1 ponso; 

c h a nn  e 1 X i At  u S . 

charnel  Y A)* 

Fr.j  iue..ry  f tabi  I it  y jJ^lOO  kHz. 


Pf- 


a 
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Cynjiic  iingc  of  ct-ceiver  -60  IP. 

Ih5  type  ot  Bfcdruring  circuit  if  <Ji screte/digital,  digital. 
I*>t  r icv^  1 t i»f>  -3  s. 

Acctidcy  of  tanging  >^150  > tO.OSo/o  cf 
Banging  is  (lovld^d  at  flight  spred  to  35C0  ka/h. 
lotdl  u<'ight  of  range  finder  -14.1  kg. 

TSr*  ri^wor  4rrn^* 

ttor  grid/network  27  K 

frcB  grid/netwcrk  115  400  Hr  7^  vclt-aipere. 

Amount  of  the  radic-electtcnics  ce 1 1/e lecents: 


thf 

electron  tubes 

t hf 

— o 
77 

tho 

d i edes 

^ f f 

167 

thin-filn  microcircuits,  -i.— 

ufi 

Pige  41. 


For  increase  to  nadezhnsoti  equipment  is  applied  the 
?ra 1 irg/p ressur izat ion  of  some  node/units;  the  ccnstruction  cf  range 
finder  hlcck.  Range  finder  is  cperttional  ender  conditions  cf  anbieot 
toapei-it  ute  from  -50  to  *55®  C and  height  tc  15^000  n. 

The  diseraiens  of  the  range  finder;  124  )t  194  X 
Su-itin*c€d  life  of  the  range  finder  cf  30CC  flying  hours. 


t-. 


The  prise  ranging  HNS  of  air  navigation  and  or bitoukazaniya  cf  SD-RD. 
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This-  sypt-^m  c£  fhort-ranqe  niviqaticn  consists  of  aircraft  range 
fLn'l*=i  S')  in(5  jrcund-based  radio  relav  teaccn  the  The  operating 

nrinciDle  cf  systea  is  standard  for  pulse  ranging  systens  (Pig.  1.27). 
"he  rransaitter  cf  radio  distance  gauge  SD  ciits  through  the 
tt  irrritt  ir j antetna  paired  pulses  with  the  repetition  frequency  cn 
the  crier  cf  100  Hz.  Radio  distance  gauge  can  werk  on  several 
cliar.rrls;  dependirg  cn  the  riuiLtri.  of  chaiinelf  the  tiee  delay  cetween 
letdinj  iapulse  fronts  the  vapors  will  have  the  deternined  value. 

Th!  ciri*tcil  interrogation  pulses  are  received  as  the  receiver  of 
jr ounc-bci re .1  radic  relay  beacon  the  Cccoder  the  transuits  the 

paired  p'ils.»s  only  of  that  channel,  but  wlich  is  inclined  decoder 
itself. 
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Fi'7.  1.27.  Flock  diagraD  of  the  pulse  ranging  HNS  of  "SD-BD". 

»)  ♦•hf  blcck  rUagiaa  of  aircraft  range  finder  SE;  GVC  • high-freguencT 
or.c  i 1 lir  cr ; b - tcdulator;  GPI  - the  generator  of  paired  pulses;  the 
• joy?  are  a generator  of  single  Boaontua/iapulse/pulses;  c«).  - ■iiec; 
'iPCh  an  I ^ - IP  amplifier  and  detector:  VO  - video  aaplifier;  TR  - 
t ine/teo f crar y d i scrisinator ; IS  - icasuring  circuit;  IS  - the  leter 
of  rsrge;  cs  - dcco-1  or;  IP  - the  indicator  cf  call;  b)  the  block 
liagran  cf  greund  beacon  the  DSh  - decoder;  FSh  and  BPP  - the 

blcck  of  tJi-»  supply  of  call;  (J-  heterodyne. 


rnu  roM 


Cm  H y/if 
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In  this  rjsp  the  deceder  converts  thf  taken  paired  pulses  into  single 
that  corcespend  cn  tiae  to  the  second  ac vcntcs/iapulse/polsas  of  each 
the  vapors.  Those  single  aoaentua/i apulse/pulses  aodulate  the 
trarsiittet  th**  which  through  the  trarsiitting  antenna  eaits 

reciprocal  ncaen  tua/inpulse/pulscs. 

The  reciprocal  acaectUB/iapulse/pulses  cf  beacon  the  ^ are 


roc<^iveJ  as  the  receiver  of  aircraft  radic  distance  gauge  SO,  they  ace 
aaplifisd  tnreugh  interaediate  and  lew  freguencies  and  approach  the 
inlet  of  the  selector  and  aeteting  circuits  cf  range  finder. 


To  the  ir.let  of  these  circuits  ccaes  also  the  trigger  pulse  froa 
trarsnitter.  Through  tiae  the  trigger  pulse  enters  siaultancously 
with  tho  «« ir.sicr/radiat  ion  of  the  secend  free  the  pair  of 
aoa''rtua/ijpulsc/pulses.  The  tiae  lag  cf  rcciprccal 
vorentua/iapulse/pulses  relative  tc  sta rt inc/launch ing  is  deterained 


hy  transit  tiio  t>  the  signal  cf  distance  frea  aircraft  to  greund 


aeacon  and  vice  versa,  and  alsc  by  tire  lag  in  the  circuits  cf  range 


finder  ard  relay 


wh.'rr  t,  and  t,  it  is  detorained  tiae  lag  ir  the  circuit 


rocoivoi- t r mfn  i t tec  SP  and  the 


• . Jo  ■ 
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Th  ; i-'ipuring  circuit  of  radio  distarce  gauge  develops  the  | 

•/oltige,  fiojcrticnil  to  tine  lag  and  futs  into  action  range  | 

indicator,  i.''.,  the  instrument  of  direct  crrrcnt,  calibrated  | 

co"inlet«'iv  in  kilcaetcrs.  So  is  measured  distance  from  the  aircraft  I 
cf  tic  odes  cf  radio  relay  beaccn.  1 

Th'*  range  finder  in  question  pern  its  iiplemention  of  an  orbital  | 
night,  ir  center  ot  unich  is  Iccatod  the  radio  relay  beacon.  i 

Ground  tf.tccn  it  can  answer  many  aircraft  range  finders,  and  1 

thoretor-*  to  the  inlet  of  receiver  will  enter  all  reciprocal  I 

rofertuv/irpulse/fulses.  In  order  not  to  upset  the  operation  of  | 

Tetciing  circuits,  is  provided  the  diagraa,  which  makes  it  possible  tol 
loicct  tio  orlv  those  ot vetnye impul ' sy  which  correspond  to  the  demands^ 

7 

cf  ‘his  range  tinder.  This  prchlem  is  solved  with  the  aid  of 

* i 3 '■/for- j crar  y discritinator;  it  develops  the  voltage  pulses,  which  ■ 

trig-’er  receiver  £D  shortly  before  the  arrival  cf  reciprocal 

Tot  ertu IT/ ivp  u Ise/ pulse.  Usually  receiver  is  found  in  the  dossed 

t 

state,  the  tot'j uc/moment  of  its  opening/triggecing  changes  ■ 

antes  It icdlly  with  a change  in  the  distance  cf  aircraft  of  beaccn. 

For  the  identification  cf  radio  relay  Icaccn  its  response  signals; 
are  cclJ-l  hy  the  supply  of  call  signals  cr  Perse  code.  In  diagram  SD 
1.:  cent  a me  1 the  decoding  blcck  with  the  aid  of  which  occurs  the 

t- 

isolation  cf  call  signals. 


For  tha  f <rc  1 1 icn/a  liain.a  t ion  of  the  effect  of  transmitter  on 
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>oni^ina  t ransiluc^'i  of  demand  and  anjwcr/rcs conse  are  eaitted  at  M 

? 

di f f r ton t t r e one r c io s.  h 

i : 

mlsf  i1al*  ncjinmaya  systpit  sr-:»D  allck£,  thus,  izneryatshch  ran9e  ‘ 

tjc'Eore  iiiy  fcint/itPin,  equipped  with  rosfcndet  the  re,  to  realize  [; 

<(• 

drivinj  cn  ctDirar  and  is  continuous  to  irdicate  aboard  the  aircraft  ^ 

r. 

cf  distance  of  touchdown  point  in  fliqht  cr  landing  pattern.  ^ 

k-A 
1 1 

This  system  works  in  the  range  of  VHF;  the  range  at 

I ■ 

h’ight/a Ititu  lo  5C00  ■ is  150  kt,  the  error  of  the  indication  of  raeger^ 
can  I'c  frcm  f'OO  tc  3000  n.  Errcr  indicated  crhit  is  equal  \'] 

h 

app I cxina  tel  y «[^3C0  a. 

Aircraft  range  finder  includes  transiitter,  receiver  and 
indicator;  gr cu nd-ta scd  respcndcr  is  a icccivsr,  the  transnitter  and  . I 
the  hlcck  cf  control. 


1.^.  Panjing  systems  with  ccntinuous  eir  issicn/radiat  ion. 


hanging  radic-navigation  systems  with  ccntinuous 
emission/rad  iat  Icr.  arc  based  on  the  use  of  a dependence  between  the 

« 

(base  of  ralic  signal  and  the  navigaticnal  coordinate  - range.  On  the- 

principle  cf  navigational  aeasurements  with  the  aid  of  phase  eeans  ■ 

1 

lie/rcst  the  seasurements  of  a phase  difference  of  two  electromagnetic 
vihritior.  £.  | 

Tlie  phrse  scasureaents  of  dist.inces  arc  based  on  the  firal  speed  ■ 
»nd  straight  ress  of  radiowawe  prop aga tfen.  If  the  elect tcaagnet ic 

I 

fiold  o*  ft'^quercy  w is  propagated  tc  distarce  P with  a velocity  of  c, 
♦!if'n  The  (hase  cf  its  vihratiens  changes  in  this  case  by  the  value: 
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(1-21)  . 


Thus,  th€  phasf*  cf  vibrations  directly  prc^crticnal  to  the  passed 
listArco.  After  doteroining  a change  in  tic  phase,  it  is  possible  to 
find  corrcsrcr  lirg  to  it  distance.  * 

Durirg  rtdickave  pcopagaticn  up  to  tie  distance,  equal  to 
wivelcnjtl,  the  phase  of  vibrations  urdetcccs  change  to  360®.  { 

Fidic  •»nqincering  mothods  italce  it  possible  to  fulfill  phase  ‘ 

< 

■^easiiieaents  with  the  error,  or  the  average  equal  to  1®,  i.e.,  with  aa 
icccrtcv  to  several  thousandth  tracks  cf  cciplete  phase  cycle. 
Conscgii*ntly,  and  distances  can  be  aeasurcd  with  an  accuracy  to 
several  thcisandth  cf  choley  wavelength.  Tlis  high  accuracy  is  the 
iupcrtant  advantage  of  the  phase-difference  lethcds  of  the  Bcasureseat 
cfdistarces. 

Th"*  aalority  of  phase  ranging  RNS  cortains  two 
r-*criving-‘-rans*ittinq  stations  one  of  which  is  placed  at  the 
reccrd/f i xe  1 point  on  the  earth's  surface,  and  the  second  is  placed 
for  th-’  ncv.ille  ctjcctivr. 


ra  IP 


f'lr  ♦ hmo  re , in  the  point/iteo  where  arc  ccrducted  noasureaents,  is 


an  trc  »/ 1 cc  it  c d tie  indicator.  one  of  tne  stations  eaits  vibrations. 


* h»>  si’t'oii  1 then  accepts  and  re-e*its  in  direction.  The 
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r-'-cmi*- tc  1 vitraticns  arr  accepted  and  ate  ccapared  with  respect  to 
phist-  with  the  vitrations,  esitted  by  the  first  station. 

Phase  can'jinQ  systoss  can  tc  haerd  cr  the  aeasareaent  of  a phase 
lifterence  on  high  frequency,  cn  jicdulaticn  frequency  and  on  teat 
frooucncy . 

Besides  the  ranging  systems  pointed  cut  above  with  the  relay 
retert  of  signals,  there  are  also  radio  navigation  ranging  systcas 
with  storage  cf  the  initial  phase  by  cn-bcaid  pattern  generator. 

Hanging  syste*s  with  storage  of  the  initial  phase  by  on-board 
gene  rator . 


•ort  cf  phase  ranging  systew  in  this  case  consists  of  the 

fol  lowing,  nn  the  earth/ground  and  for  the  sovatle  objective  (see 

fig.  1.1)  arc  est abl ish/instal led  high-stability  generators  (tixers).  » 

I 

The  vibrations  of  both  generaters  in  the  beginning  cf  notion  earoute  t 
ar''  ccmpcircl  on  phase;  if  the  phase  cf  the  vibrations  of  ground-based 
tiaert^,  = ut,  then  is  the  phase  of  the  vitratiens  of  on-board  tiaer  v 

t. 

1^;  = ut  ♦ a,  whore  « = const.  turing  ncticr  for  the  movable  objective 
are  accepted  th“  vibrations  of  ground  station  with  phase 
^ 1 he  phase  of  the  adopted  vibrations  is  compared  with  the  phaset^ 


cf  ♦ h*>  vitratiens  or  on-board  pattern  generator.  From  difference  is 
egu  il  to  = the  - a * wK/c.  ^ftec  designating  difference  9 — « 

wi*  will  c t ♦ a i n 


a 


I 
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If  sillier  type  range  finder  vorkfs  in  the  Icng-wave  range, 
fornir.g  the  stiff  field  of  recepticn  at  very  large  distances,  then  its 
range  will  ce  ccnsiderable. 


Page  Hh  eert. 


The  accuracy  of  work  of  range  finder  with  storage  of  the  initial 
phase  abend  is  determined  in  essence  by  the  frequency  stability  cf 
on-bcarl  pattern  generator.  Error  will  b«  accuaulated  in  the  course 
cf  tiir»,  that  elapsed  fren  the  tor gue/mome n t of  collation  of 
froquenries  of  the  on-board  and  qrcund-hastd  generators.  If  the 
r'?lativ<,«  instability  cf  oscillator  frequency 


-f.- 


‘■ha*’  liurir  i entire  interval  /</,„  tho  recipcrary  displacement  cf 
reference  point  is  not  more  where  is  the  interval  in 


I iJ 'I  ..i,i.i.iilll.|.ipPl^l 
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w!iicl)  is  i)iMrin»c€(i  thrf  rolativ^  instability  cf  frequency  f. 

Faqe  14  7. 

Th-t  GEict  in  measurenent  cf  distance  ir  this  case  with  resfect 
the  •-rror  cf  lefctence  {cint  will  be  equal  tc 


(1.27).  A/?  =.c.Af.,<  1,08.  io«. 

If  it  is  necessary  to  ensure  ttc  a.ssiqnod  lagnitude  of  error  in  the 
■Ustarce  4*n,  ther  the  tine  interval  of  tiling  /„■  can  be  doteriineJ 
froit  the  exprcr.sicn 


(1.?«)  . 


9.26 


In  (1.23)  and  (1.24)  the  error  A7  is  expressed  in  kilcacters,  fcut 
time  is  expressed  in  hours.  Tlie  relative  instabilities  cf  so»» 

timers  were,  given  in  paragraph  1.3. 

Opontinj  prirciple  of  pha.se  rar.jinq  nystein  with  relay  retort. 

■fh'''  eptrating  principle  of  phaje  ranee  finder  with  the  conlined 
tinier  { K J g.  1.2())  is  analogous  to  tiu>  exasired  pulse  range  finder.  la 
thip  diiiian  instead  or  the  tiiter  i.i  included  the  unit  of  the 


.e.  ^ r. 


y>^-  ‘ i.JnS 
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Paqp  «8. 

lot  the  inquiring  fitation  eait  tho  vibrations,  vhlch  are  changed 
icconlinq  to  tho  law; 

«i  = 6/., -sill  (.»/  f 7„), 


whoro  w is  scale  frequency; 

(J>o , - the  initial  phase. 

Th«n  output  potential  of  tho  receiver  c£  the  inquiring  station 


Uj  = t/*,5in  I®  (t  — tg)  + <p„  - y,  - y„,l, 

•<here  9,  is  a phase  lag  of  scale  vitraticn  in  the  circuits  of  the 

inquiring  staticr  of  range  finder; 

VoT>  - the  phase  angle  of  vibration  in  respender's  circuits; 

/ 2;? 

to  SO  - • 

K < • 

A phase  difference  cf  voltages  u,  and  «p,  — u<a+<pf + <Pot».  whence 

'he  liis'arco  between  the  interrogator  and  tie  responder  is  equal 


(1.  ?'))  . 


i 

f' 

» , 

h 


I 

t 

t 

*'• 
t , 

f \ 
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Fhase  la'j  in  the  circuits  cC  range  finder  and  responder  can  be 
calculated  or  is  dotornined  expcriirertally,  Ccnsequently,  both  v#. 
and  «Pot»  it  is  fcssible  to  consider  known.  Then,  after  neasuring  a 


phase  difference  cf  inquiring  and  response  signals,  it  is  possible  to  \ 


ietaraint  distance. 

In  the  exairination  of  the  operating  principle  of  phase  range  •; 

finder  it  kas  assuaed  that  at  the  inlet  cf  the  receiver  of  inquiring  ( 
station,  besides  the  basic  response  signal,  no  ethers;  however  as  a 
result  ot  the  cc » vunicat ion/connecticn  between  that  which  transnit  aedf 
receiving  antennas  to  the  inlet  of  receiver  car  fall  inquiring  signal. p 

i 


In  this  cas«  relationship  (1-25)  is  incorrect. 

r 

1o  remove  ccrplotely  the  cemmun icaticn/connection  between  the  ; 

I 

t ra nsri t t ing  and  receiving  anternas  cf  inquiring  station  is  difficult. V 
Therefore  for  liquidation  the  effects  of  forward  signal  on  the  inlet 

I 

of  receiver  resort  to  the  use  cf  two  different  carrier  frequencies. 


f 


1 


Fig.  1.29.  Flock  diagraa  of  phas^  ranee  tindar  with  twe  carrier  i 


Key;  (1)  irterr egat cr ; (2)  cespender;  (3)  leccivec 


it)  OmStmiuK 
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riquTF  1.29  snows  the  sivpliticd  blocK  diagiaa  of  the  phase  radio 
iist^rce  c.iiiqc  in  which  the  trarsaittecs  cf  inquiring  station 
reciFtocdl  week  at  difterent  frequencies  (u|  and  uj).  The  second 
carrier  tieguency  ug  is  obtained  in  respeeder  by  the  frequency 
conversic.n  U|,  in  process  of  which  the  phase  eaitted  by  the  responder 
of  vibratiens  rcrains  strictly  connected  with  the  phase  of  the  adopted 
vibt  iticns. 

In  interrogator  it  is  possible  to  produce  the  inverse 
tr.i  ns  for  31  at  icn  of  frequency  ug  and  u,.  Fiecuencies  wt  and  ug  are 
locate  1 in  tie  integral  relaticn  tc  U|/*j?  = i/n  * p.  Frequency 
vnrii*-icns  cf  frequency  are  fora/shaped  with  the  transfer aat ion  of 
fc^gupney  uj  by  leans  of  its  suit iplicaticn  by  n/m.  With  the  aid  of 
□hase  liscricinatcr  is  determined  the  phase  shift  of  the  adopted  and 
evittel  vibrations. 

Fy  pnastietei  i^:  aeasnred  a phase  difference  only  within  the 
liai*?  of  cne  phase  cycle,  and  value  can  include  the  unknown 

r.iintei  cf  ccrplete  phase  cycles.  A change  in  the  phase  to  coaplete 
cycle  2v  vill  occur  during  a change  in  the  distance  to  value  Fq  * X/2 
ml  ■Urirq  < further  change  in  reading  phastietcr  they  will  be 

The  zen**,  within  lirits  of  which  the  phase  is  changed  on 
, i^  »hf  zero  rf  unequivocal  leadir.q  or  {lose  path/track.  For 
r-in.'iii  I syt^os  plas>>  path/trackn  tilr  tre  ict»  cf  concentric  rings  as 


i'  ..'".Ml 


The  nupber  cf  phase  path/ttacks  dependc  cn  the  Measured  distance 


Within  the  liiit.r  of  each  phase  path/track  it  is  possible  to 
‘list  irtju  i £h  tht?  crly  finite  nuaker  of  lines  of  position,  i.e. 
lines,  alcnq  each  of  which  a phase  diffeience  of  the  conpared 


teiairs  constant/invariable 


PACE 


Tho  rtubci  of  lirfs  cf  pcsition  is  equal  to 


wher*= 


oruncrablc  sene  vothods  of  the  elivioation  of  aibiguity  in  tbe 


fhasr  ridic  navigational  devices 


1)  the  US'*  of  a preliainaiy  infocnaticr  about  distance,  obtained 


hy  d'^ail  rcckcrirq  or  in  another  Banner.  In  this  case  the  errer  of 


bnovlf'iac  of  place  wust  be  less  than  the  victh  cf  phase  path/tcack 


continuous  calculation  of  ccsjlete  phase  cycles.  In  this  » 


case  it  is  neceseacy  that  at  the  Boment  be  realized  joining  tc 
locality  and  this  prelininary  intervatien  was  introduced  intc  the  air 


jcsition  inlicitcr,  consisting  cf  the  ccurter  cf  phase  cycles  and 


nh  »sr.T'jte  i.  In  the  process  of  measurement  the  counter  records  each 


uhs€cuctit  change  in  the  phase  cn  2» 


1)  the  periodic  expansion  of  phase  path/t racks.  Rough  ranging  is 


conducted  by  the  bigh  value  cf  pnase  path/track,  and  by  noBinal  - it 


II  ri:ert  iken  fine  reading 


u)  the  esission/radiaticn  cf  two  or  mere  scale  frequencies.  Per 


iriiri  ir  this  case  it  is  necossaiy  tc  satisfy  the  following 


the  jeried  of  lowest  scale  frequency  must  be  Bore  than 


a the  pot  iod  cf  each  subsequent  aoro  high  ftequency  aust  be  aoce  the 


I'ossille  error  of  the  tiae  lag  cf  response  signal,  which  appears 


direct  ard  response  signals  in  different  caicier  frequencies  with  the 


are 


oscillations  are  utilized  for  aodulation  cf  the  fluctuations  of  the 


hift  cf  the  taken  and  chosen  1 cw-frequency  oscillaticns  in 


joirt/itfej  A lelativo  to  low-f rcquency  oscillation  is  deterained  by 


lurinq  osasurement  at  the  previous,  lower  scale  frequency. 


Piisjilcs  the  examined  aethed  of  the  liquidation  of  the  effect  of 


forwicd  signal  cn  the  inlet  of  receiver,  is  applied  the  separation  of 


execution  cf  the  aeasureaents  of  phase  shifts  at  the  aodulating 


frequencies  (Fig.  i.3i).  Is  acasured  the  distance  between  point/iteas^ 


A and  '1.  The  vihrations,  eaitted  ty  the  transmitter  of  frequency  U| 


[V  jdforrant  advantage  the  datusr.  or  phase  RlfS  is  the  possibility 
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of  the  it  If  1 late  detorsiinaticn  cf  laige  distances;  however,  the 
accuracy  cf  measuieaent  here  lower,  since  error  is  proportional  to 
wavelength: 


There  are  phase  ranging  BNS  in  which  are  coabined  the  advantages 
of  high-frequency  and  low-frequency  systois.  In  such  devices  is 
utilized  the  teat  aethod;  a phase  difference,  is  proportional  tc  the 


measured  distance,  it  is  determined  by  the  paraocters  of  one 


fundam*’ntal  frequency,  and  the  fluctuaticr  cf  ether  frequencies  they 
play  auxiliary  rcle. 


PpueMHUK 
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Chiptfr  2. 


Aa-lWH7il  Ml  ITBg  BADIO-NAVIGATICK  SYSTPSS. 


For  tlie  goasuroBont  of  cccidinatcs  and  pacaaetcrs  of  the  accicn  ^ 
of  aircraft  in  radio-naviqation  systeos  is  ttilized  the 

I 

conauricaticn/ccrrection  of  the  Measured  value  uith  any  paraaetec  o£  ; 
elect lonaqnot ic  wave  - by  anplitude,  the  frequency,  phase  or 

t 

profaqaticn  tjiae.  In  this  case  for  deteriiring  cne  coordinate  it 

suffices  to  utilize  cnly  one  parancter  cf  wave,  and  the  reoaininq 

pangetere  are  ret  utilizeil,  although  they  can  tear  the  useful 

in t cr IT  1 ••  i cn  atout  the  coordinates  cf  object.  If  we  for  the 

aea  f rienciit  cf  cccrdiiiates  utilize  several  paraaeters  of  ‘ | 

I 

elect  rona -ine  t ic  wave,  then  in  ere  and  the  sane  radio-navigation  systea  j 

i 

they  can  Lc  deter gined  several  coordi rater  rf  rhjert.  Such  systess  ia  : 
which  is  utilized  the  coBSun icatior/ccnncct icn  cf  several  paraaeters 
of  c lect r t ff igne t i c wave  with  navigational  values,  are  called  the 
coivtire;i  la  d i c- na  viqat  icn  syrtees.  ! 

7h=>  large  advantage  of  these  sys*e»is  in  ccuparison  with  others  is  j 
the  fact  th>t  they  nake  it  possible  tc  detetiine  the  position  of 
aircraft  with  «-hc  aid  of  cnly  cno  radio  r.evlqaticn  point  by  the  f 

«iir>iit'iit  ot  distance  fror  aircraft  tc  this  pcint  and  its  aziiuth  { 
r el  ) t i -/•>  t c t h''  n e r 1 d i a n of  ♦h e sa ne  I oi  n t . J 


T!.p  systrif  prcviiles  automatic  ottaininij  cn  the  aircraft  of  the 

f 

inf  cm  ti  cn  ahout  its  rang**  and  azimuth  relative  to  the  point  of  the  • 
arrap<;oc.r  nt/permiitation  of  ground  eguipient  (Fig.  2.1).  On  the  basis 
of  thc:.;<»  data  the  aircraft  equipmert  nakes  it  possible  to  solve  the 
follcving  navigational  ptcblens: 

( 

1)  air  nivigation  on  any  rectilinear  rcutc,  passing  through  the 
ground-hared  radic  navigation  point  PNT  ((cint  of  the  * 

am  ng  ■•mr  nt/per  nutation  of  the  ground  pguipeent  of  system).  Flights 
tan  he  mao<=  in  the  direction  of  the  assigned  azimuth  .jj  both  in  the  I 

r>IT  irl  tlCT  it  - Fig.  2.  1;  . ! 

•i 

/)  t hn  Irivirg  of  aircraft  in  circular  erhit  vith  center  into  the  j 

PSfclir.  ytaciusr,,  tyleftcrriiht; 

i)  lit  I'av  iijat  icn  in  any  rectilinear  route,  not  pass.ing  throaga  i 

» 

4 

♦he-'  HN";  ^ 

I 

U: 


1 
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ti)  clcud  penetraticn  in  that  which  was  assigned  for  this  aircraft 
type  cf  lino  cf  dtsoent; 

h)  th«  recovery  into  any  given  point  cf  space  and  the  signaling 
cf  fht  t crguo/aoipcnt  of  approach  to  this  {clct  and  of  its  fliqht/span; 

f>)  autcmatic  and  napreryvneye  deterslnaticn  aboard  of  the 
position  of  aircraft  by  Beans  of  the  itidication  of  the  instantaneous 
values  of  aziiriith  o and  of  range  r of  aircraft  relative  to  HUT. 

Installed  equipment  provides  also  aircraft  landing  approach,  if 
on  the  earth/greurd  est a tlishe d/insta 1 1 e d tie  special  landing 
instrumentation  rf  sjstev  RSBN-2. 

Additiorally  syste*  makes  it  possible  to  seasure  on  the 
cart  1/jr cund  of  the  coordinate  (aziaiith  and  range)  of  all  aircraft, 
oqiiipped  with  the  instrumentaticn  of  FSDN-2,  and  re flect/represents 
tlie  inCorsaticn  ahout  air  situation  on  plan  position  indicator. 


Fiq.  2.1.  To  the  explanation  of  the  fcncticns  of  sjstea  the 
'’SBN-2;  1 - the  trajectory  of  the  assigned  aziauth;  2 - the 

traifctoiy  of  the  designated  orbit;  3 - tie  trajectory  of  the  assigned 
rectilinear  route;  4 - the  zone  of  the  aark  of  approach  to  tie  given 
point;  S - the  zone  of  the  mark  of  the  fligbt/span  of  the  given  point. 


Key:  (1)  right;  (2)  left;  (3)  cn;  C**)  frc« 


rs- 


p-inf 


CcB  f csi*- 1 c r <ind  the  interaction  of  the  in  £ t luaeotat  ion  of  systea. 


Sys'^o'*  SSBN-i  is  q round-b ased  and  airciaft  equipnent.  According 
to  the  charactar  cf  the  solved  prcblejs  qiccr.d  enuipnent  can  be  bcokent 
intc  *’ho  raviqaticnal  and  landinq. 

Nav i qa* icn  equipment  is  ariautn-ranqinq  radio  beacon,  it  is 
[laced  at  radio  raviqaticn  point  and  consists  of  the  following 
fundiwental  sots;  it 

“ ovrid  irect ional  ariauth  radio  leacen;  ^ 

- •'he  relay  cf  range  finder;  ► 

• pi  in  pcsition  indicator  {:, 

f 

i*  censists  cf  aonitoring-reasur ing  equipient.  , 

landing  instruaentation  is  placed  at  two  fixed  points  near  runway* 

and  consists  cf : f. 

j. 

- 'he  lccali?er  beacon  of  KPM-U;  y 

- rl't  jliJe  beacon  of  GUn-h; 

- * he  larding  relay  of  the  ranje  finder,  cstablish/installed  in  j 

I . 

thet«,iconafGP?-4;  | 

Aircrit*  oguipsent  is  the  following  cgiipxent:  [ 

i 

»n*er  the  ircuisitor  of  the  range  cf  S"D;  h 

- * he  aircraft  receiver  of  atiau^h  and  range  decay;  i 

- • I <•  srasiiring  unit  of  range  nil;  t 

- * I (■  arasuring  unit  of  the  atinuth  cf  BI A ; 
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- the  cc«nuter  SFP,  which  consists  of  two  separate/individual 
units  - tho  unit  cf  the  administration  of  QOSFF  and  unit  of  the  final 
adjust  me  nt  cf  iOSftP; 

- the  directly  indicatin'!  instrument  of  range  and  azinu.;h  cf  the 
navicatct  cf  FPDA-W; 


- •■he-  directly  indicating  instrument  of  range  and  azimuth  cf  the 


Filet  of  FFn/i-P;  ^ 

- tve  ccttbincd  flight  instruments  cf  KII  [ “ flight  director]! 


(or  K?r-4)  ; 

- the  ocr.ttcl  panel  of  navigator; 

- the  ccntrcl  panel  of  pilot. 

In  aedition  to  this  basic  equipment,  aircraft  equipment  are 
several  supplementary  units  (coupling  unit  vith  landing  system  SP-50, 
the  panel  cf  tho  control  of  landing  etc.  ).  The  complete  assembly  of 
aircraft  equipmert  weighs  about  flO  kg. 

Page  fh. 
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Aircraft  oguipmitnt  is  ccmmcn/general/tctal  for  the  solution  of  : 

\ 

navigaticral  and  landing  problems.  The  measurement  of  the  ccerdinates' 
cf  aircraft  in  system  BSDN-2  is  realized  ly  the  exchange  of  the  radic  i 
signals  httHf^n  the  aircraft  and  ground  couiFoent  (Fig.  2.2).  1 

’ 'lii''  ajimuth  determination  and  range  cl  aircraft  aboard  also  of  » 

th--’  ccord  inat-as  cf  aircraft  on  tho  earth/gteund  is  realized  in  tne 

r 

joint  onciaticn  of  <i z i» u t h- rang i ng  radic  Icrccn  and  aircraft  p 

I'angirg  cn  aircraft  is  ircrducted  Ly  means  of  transmission  t 


egil  i l Be  r.  t ■, 


frcB  the  aircraft  of  signals  tc  azinuth-ranging  radio  beacon  and  tbeir 
rc-<'Bissicr  tc  aircraft  by  the  relay  cf  ranee  finder.  In  this  case 
the  signal  frequencies,  which  go  with  aircraft  to  the  relay  cf  range 
finder  and  with  it  tc  aircraft,  are  selected  different.  Aircraft 


transtitter  (SZD)  works  at  fcegnencies  faa.  lying  at  the  lower  part  of 
the  froquorcy  band,  occupied  by  systea  bSEB-2,  and  the  transaitter  of 
the  relay  cf  range  finder  it  wetks  at  frequencies  fi,  lying  at  the 
upper  part  of  the  range  (Pig.  w.3).  The  leasuceaent  of  aziauth  on 


aircraft  is  realized  by  reception  and  proce 


ing  aboard  of  tte  signalst 


of  aziauth  radio  leacon.  The  transeitters  cf  this  beacon  work  at 


cccupying  the  Diddle  sccticn  of  the  frequency  land  cf 


f req  iienc  i es 


Coordinate  deter aination  of 


:tSEB-2 


aircraft  cn  the  carth/greund  is  conducted  h>  the  consistent  use  of 


cf  azimuth  radio  beacon  and  signals  of  the  transmitter  of  the 


relay  of  range  finder,  re-eaitted  with  aircraft  equipment 


Fiq.  2.2.  IntGcaction  of  the  instruiettation  of  systen  PSCT-2 


aircraft  cquitraert;  (tt)  localixer  teacon;  ('>  glide-path  beacon 


SanutOMepa 


fiOlfuOM09M 


LCMC^S/TnOf 
Uzp^toto  - 
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Thn  irfor*aticn  about  the  coordinates  of  aircraft,  equipped  with 
systen  RSON-2  and  which  are  located  in  the  7cne  of  action  of  aziauth-' 
ranqinj  radio  beaccn,  is  represented  cn  XYO. 

AiLccaft  landinq  approach  at  the  siqrals  cf  the  course  and 
qlide-path  beacons  of  systes  RSEN-2  is  realized  in  the  joint  operatica 
of  qrciind-based  landinq  and  aircraft  equipaent.  Localizer  beacon 
trarsoirs  to  aircraft  signals  at  fracuencies,  which  lie  at  the  saae 
range,  as  the  signals  of  aziauth  radio  beaccn.  Glide-path  beacon 
transaits  tc  aircraft  the  signals,  which  occupy  the  saae  frequency 
ban  ),  i the  signals  of  the  trarsniitter  cf  the  relay  of  the  range 
finder  cf  az i au t h-ringi ng  radio  beaccn.  Siiultaneously  on  the  sane 
section  cf  frequency  range  works  the  landing  relay  of  the  range  finder 
with  the  ai)  of  which  with  landing  approach  is  acasured  the  distance 
frca  aircratt  tc  GRN. 


Fundawei^al  systee  perfotmanceE  RSEN-2. 


1.  Frenuency  hand.  Systeai  wcrks  in  dcciweter  frequency  o?nd  andui 


cccuf  ies  range  frcn  770  tc  970  rhz.  To  these  frequencies  corresponds 
wavelrnjth  ftc»  39  to  J1  cn. 

2.  lh<?  r^noe  of  any  systca,  which  wcrks  in  VHP  range,  is 


r'strict«-d  tr  1 i ne-of-sight  distance  between  the  points  cf  the 


loca*ior.  ci  the  ♦ ta  nsaiir  t inq  anterpi  at  oie  c?)d/leaJ  of  the  radio  lira 


ir.y 


I 


w 


PAGE 


and  r€c«iwing  anterna  at  another  end/lead.  In  the 


coii»uricdticn/connection  between  ground  ccui^nent  and  aircraft  the 
1 i ne-cC-s  ight  distance  is  detetBined  as  fcllcvs: 


where  r. 


is  a 1 ine-of-sight  distance,  kf 


the  height/altitude  of  the  suEfcnsion  of  the  groond-based  t 


antenna  above  the  middle  level  cf  area  relief 


H - the  flight  altitude  of  the  aircraft  above  that  level 


constant  coefficient,  which  takes  different  values 


depending  cn  conditions 


PAGE 


hiq.  2.3.  Allocation  of  f requ'*ncic=s  ir  systea  tho  SSBM-2:  1 - 
frequency  t.ind  tie  SZD;  2 - the  ftequ^ncy  land  of  aziauth  radio  beacen 
and  KFr*;  3 - the  frequency  band  of  the  trarsnitter  of  the  relay  of 
range  finder  and  GBH. 


Table  2.  1 


- 

Tills  coefficient  is  equal  to  3. 57  not  allcwing  for  ataosphcric  | 
refracticn  even  a.12  taking  intc  account  nctial  atnospheric 
refraction.  Upon  consideration  of  the  siddle  conditions  of  radioMawe  i' 
propaqaticn  in  practice  it  is  accepted  coefficient  k to  undertake 


equal  to  3.7, 


)f  the  illusttaticn  cf  the  possitle  values^' 


of  1 ino-c f-sight  distance  table  gives  the  calculated  froa  foraola 
(2.1)  valies  depending  on  flight  altitude  under  condition 


and  k = 3.7. 


L-jiS  targe 


Virtually  the  range  of  the  systess  of  f_^tan.ge  does  not  reach 
the  values  of  linc-of-sight  distance.  The  lange  of  systen  BSBil  is 
characteriz-^d  by  the  following  numerals:  3£0  ke  at  beight/altitudc 

2hC  kv  at  height/altitude  50CO  »,  SO  k«  at  beight/altitude  25C 
9.  Pelatively  short  range  of  system  nsEN  defines  its  use  as  systeas 
cf  the  blizheny  cf  navigation. 

з.  Accuracy  of  work.  The  system  ASOtf-2  provides  the  high 
accuracy  of  the  aeasureaent  of  the  ccerdinates  cf  aircraft.  The  dual 
root-nea n-square  veasuring  error  cf  aziruth  cn  aircraft  is  0.25®.  The 
dual  loot-Bean-square  measuring  error  of  larce  on  aircraft  is  equal  to 

i 

200  a ♦ 0,dio/o  at  t,  where  r ate  equal  the  aeasured  distance.  The 
accuracy  cf  th«  ireasurement  of  the  crerdirates  cf  aircraft  on  the 
ea  1 1 1/j  r c u rd  is  characterized  by  th-=  r oot  - « f a n-square  measuring  error 
of  azimuth  by  1°  and  root-mean-square  veaeuiing  error  of  range  2.5  km.' 

и.  Capacity.  The  ranging  channel  of  eystem  BSDN-2  provides  the 
simultinrcif  iroa nire .nen t of  distance  on  ItC  aircraft.  If  in  the  zene  ^ 
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of  action  of  az i • uth~ ran qing  beacon  is  located  tie  larger  aacunt  of 
aircraft,  then  nctnal  work  of  tanging  charnel  is  disrupted  and  cn 
aircraft  there  car  be  the  breaks  in  ofctainlrg  the  inforaatioc  about 
ranee.  7 ha  capacity  of  the  azinuth  channel  cf  noogranicbenna. 


5 2.2.  Frinciple  of  ranging  cn  aircraft. 

For  ranging  cn  aircraft  in  system  FS£)i-2  is  utilized  pulse 
ranqirg  s/stoj  with  the  relay  retort  of  sJgrals,  the 
conmen/ge neral/total  operating  prirciple  ol  which  is  ezauinod  in 
chapterl. 


Page  58. 


5; 


The  fjlock  iliagraa  of  the  ranging  channel  cf  system  RS3N-2  is  given  is 
?iq.  2.4,  and  tine  diagrans  of  processes,  which  elucidate  the 
ijrirciple  of  ranging,  in  Pig-  2.5. 

Curing  tanging  on  aircraft  are  utilized  the  inquisitor  cf  the 
range  ot  SZP,  the  aircraft  receiver  of  azinrth  and  range  decay  and  the 
acastiing  urit  cf  range  BD.  On  the  earth/ground  is  utilized  the  relay 
of  range  finder,  which  consists  of  the  traneiitter  of  relay  \ with 
the  transoitting  nanaprawlennoy  of  hcrizcntal  piano  antenna  and  the 
<1  rou  nd- h a sc  d receptor  of  NPU  witu  the  c gin  i d i rect  ional  of  horizontal 
plane  recfivirj  artetna. 


f 


) 


\ 


In  the  measuring  unit  of  range! 
(Fig.  2.5a),  the  following  t 


'uiging  charnel  works  as  fellows, 
arc  dr-velcpcd  the  starting  video  pulses 
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PACEy^ 


with  cno  cf  th^  two  repetition  trequencier:  100  or  30  Hz. 

f 

Roi"f»ntutn/iBFUlsc/pulses  enter  the  encoder  of  the  aircraft  transaitter  j 
cf  S7C,  where  is  torn/shaped  inquiring  code  (Fig.  2.5b) , which  is  [ 

two-pulsf  interval-tiBe/te;".porary  code.  i 
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PhCt/J^ 


fi'7.  2.4.  Elcck  diagraa  cf  the  canqinc  channel  of  systea  BSBn-2. 


Key:  (1)  ai 

unit  cf  the 
cart i/qr cc  nd 


rcraft;  (2)  encoder;  (3)  range  init;  (4) 
limitation  of  charging;  (f)  delay  unit; 


decoder ; 
(7)  the 


(5)  the 


•V. 
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!li'lh-tr<^.)upncy  signal  S7.D  approaches  the  oridirectional  in  horizontalf 


plane  trarsaitting  antenna  and  is  eaitted  itto  space.  Part  of  the 


caitted  signal  if  propagated  in  the  directicn  of  aziauth-ranging 


teaccn.  The  signal,  which  is  propagated  trea  aircraft  to  the  relay  cf 
range  finder  is  called  inquiring.  On  the  carth/ground  inquiring 


accepted  SPU  (Fig.  2.5d).  During  the  propagation  cf 


inquiring  signal  ftoa  aircraft  to  the  relay  cf  range  finder  cccurs  its 


t-  i tre  lag  tc  value 


where  r - the  inclined  distance  between  the  aircraft  and  the  relay;  c 
- the  velccity  ct  propagation  cf  radio  waves. 


Therefore  on  tine  diagram  the  adopted  cn  the  earth/grourd 


iqnal  is  shifted  to  the  right  alceg  the  axis  of  time  by 


inquiring 


viliif  t,  with  respect  to  the  tcrque/mcinen  t ct  the  emission/radiat  ion 


of  tills  signal  on  aircraft.  In  addition  tc  this  the  received  signal 


iiftfis  tiCT.  that  which  is  emitted  in  tens  cf  its  value.  During  the 


ignal  in  space  occurs  its  ccnsiderable  attenuation 


cf  ♦he  alcpted  inquiring  signal  the 


lire  remaining  parameter 


T!i“  *.Men  inquiring  signal  is  amplified  in  the  receiver  cf  the 
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NPU  *«hirh  is  tuned  to  a frequency  of  inquiring  signal  and  is  i ■ 

detected.  At  the  output/yield  cf  detecter  is  separate/liberated  [ : 

♦wo-pulr.e  inquirirg  code  with  code  interval  Tn  (Pig.  2.5e)  , which  isf 
suppliid  tc  the  decoder  of  ihe  receiver  cf  ytU.  Decoder  realizes  a <- 
deceding  ct  inquiring  signal  (Fig.  2.6a).  Ihe  process  of  decoding  caa[,>J 
be  explained  vith  the  aid  of  Fig.  2.fia,  cn  which  is  depicted  the  j 

simplified  hlcck  diagras  of  decoder.  f 

r ; 

Cecoder  is  the  delay  line,  which  cealiaee  a signal  delay  in  tise  I-  ■ 

1 ; 

of  tie  value,  equal  to  code  interval  T„  inquiring  signal.  To  the  ! i 

i 

t 

inlet  of  this  lire  are  supplied  the  signals  fron  the  output/yield  of 
the  detecter  cf  receiver.  nosentum/iapulse/pulses  in  the  ou tpu t/yield i-v: 
of  delay  line  approach  coincidence  circuit.  There  are  supplied  ; 1 

j ] 

joaen tu T/ iepulse/ pulses  in  the  inlet  cf  delay  line.  If  the  code  | 

interval  cf  the  ertcring  the  decoder  signal  is  equal  to  the  delay  tiaei  i 

i 

in  the  line,  then  at  the  onset  cf  the  second  BCcentuB/iapulse/pulse  of 
code  at  t wc  irlets  cf  coincidence  circuit  vcsentua/inpulse/pulses 

i i 

coircide  in  tine  and  it  gating  pulse  cn  cutput/yield  (Fig.  2.6b).  But  i 

if  the  code  interval  of  the  signal,  which  enters  the  decoder,  is  not  ^ 

4. 

equal  to  the  delay  time  in  the  line,  then  net  at  which  point  in  tine  j j 

I 

cn  it  occurs  pulse  coincidence  and  at  the  citpct/yield  of  coincidence  ‘ , 

; ’ 

crrciit  the  signal  is  not  separate/liberated  (Fig.  2.6c).  t | 


^age  f). 


Thus,  during  correct  installation  in  the  decoder  of  code  interval,  at 
its.  c ut  |Mi  t/y  i el  d is  sopa  rat  e/1  i tc  r a t e d the  ic  rentua/in  pulse/pul  so. 


which  coiricidcR  »ith  the  last/lattcr  ooirert  us/icpulse/pulse  c£ 


in<2uirinq  code  (Fiq.  2.5f).  In  decoder  can  te  estahlished/inst  ailed  « 


values  of  delay  tiae,  equal  to  the  code  ittervals  of  inquiring  signal. 

Focciver  NFU  is  tuned  for  10  reccrd/fi»ed  frequencies,  equal  to 
the  frequencies  of  inquiring  signal.  Ry  leans  of  selection  cf  cne  of 


the  1C  frequencies  even  one  of  the  four  values  of  code  interval 


receiver  N’ffl  can  te  inclined  on  any  of  UO  frequency-code  channels  of 


ystei 
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romentun/impulse/pulse  ftCB  the  cutput/yield  of  the  decoder 


throuch  the  unit  cf  the  linitation  of  charging  and  the  delay  line 


whose  des iqnation/purpose  will  te  clarifird  it  approaches  below  the 


encoder  cf  the  tianswitter  of  F-20n.  Delay  line  delays 


iroipe  r tun/ impu  Ise/ pulses  for  a period  t^,  vhich  leads  to  signal  lag  at 


inlet  cf  enceder  (Fig.  2.hg)  with  respect  to 


ncrentiim/iop.iilso/pulres  at  the  cut  put/y  jp  ig  cf  decoder  on  value  to 


PAG 


fii.  2.^^,  To  ^ explanation  of  the  process  of  the  decoding 
*l;o  tlccl!  iia^rar  of  decoder;  b and  c)  tire  diagrais;  1 - 
•nr.-«  t tail!/ iipiilstv  pulses  at  the  inlet  cf  deceder;  2 - 
■»onjrti|.fl/i  HI  uls£-/ pulses  at  the  cutput/yield  of  delay  line;  3 - 
aonertuif/icp  ulse/pulses  at  the  output/yielJ  c£  decoder. 


K-'y:  (1)  i~  tlic  cutput/yield  cf  receiver;  |2)  delay  line;  (3) 

nirci^»rce  rirrtj». 
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The  encoder  of  the  tidnswitter  cf  P-20D  dcfclcps  reciprocal  code  (Cig.t; 

^! 

2.5h),  which  just  as  inquiring,  is  twc-pulsc  interwal-t iae/tcBpcrary  i 

W 

code,  hut  with  ancther  code  interval  teciprocal  code  approacbesH 

the  high- f rf>quonc  y oscillator  cf  the  tramitter  of  the  P-20D,  which  H 
genridtes  twc-pulse  high-frequency  signal  Oig*  2.5  a 

Transiritter  r-20D  works  at  40  different  record/fixed  frequencies, U 

il 

so  that  fer  each  frequency-code  channel  of  rystea  is  utilized  its 
frequency.  p 

The  high-frequency  signal  cf  the  tiarsiitter  of  P-20D  enters  the 
tiarFoitting  antenna,  it  is  eaitted  into  space  and  is  propagated  in 
oppesit*'  directier  to  aircraft.  This  signal  is  called  reciprocal.  j 
During  the  prenagation  of  response  signal  fres  the  relay  of  range 
finder  c aircraft  occurs  its  time  lag  to  value  I- 


(2.3)  . 


Th‘>  ccie  tc  aircraft  respense  signal  (Fig.  2.5j)  is  received  as  H 

**.  1 

t h*'  c anid  i tecticnal  in  hcrizcntal  plane  receiving  antenna  and  enters  H 

f 

roc*  iv.'r  th-‘  d'^cay  where  it  is  amplified  anc  is  detected  (Fig.  2.5k).  i \ 

r; 

Hecirioca!  coin  trcn  the  out put/yield  of  detecter  is  supplied  to  the  ( 

!-j 

dored^r  ct  TFceivti  decay.  fuerder  decodes  reciprocal  code  analogous  j 
with  that,  IS  this  was  described  above  for  a ground-based  decoder.  fi 
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Moirertum/ifiipulsp/pulse  froii  the  output/yitld  of  the  decoder  of 

receiver  the  decay  (Fiq.  2.51),  called  ieci)Cocal 

Bcicr ntum/ iif r ulse/piilse,  approaches  the  tcascring  unit  of  range. 

Reciprocal  i cmentua/iapulse/pulse  (Fig.  2.5)  it  delays  with 
respect  tc  trigger  pulse  in  each  repetiticn  period  for  a period: 


(2.«)  . 


fi  + /» -f -f  7.,. 


Taking  into  accorrt  of  expressicn  (2.2)  and  (2.J) , equation  (2.4)  can 
be  rewrittor  as  fellows: 


(2.5). 


■ 4-  /«  -h  T'„  -h  T,. 


The  1 ast/ la t ♦•er  equation  shows  that  the  tiae  lag  of  reciprocal 
Bomentua/iapulse/pulse  is  equal  to  the  sut  cf  two  tiae  intervale.  Th» 
first  of  then. 


directly  p top ertiena 1 to  inclined  distance  troa  aircraft  to  azituth- 
cangin<i  tt.jcen. 


Fjge  fl. 


t 


la<3  cf  L^cipiccal  ■ooi^ntuD/iBpulse/pulse  anaibiguously  is 

clptornined  by  the  distance  betneen  the  aicciaft  BUT.  By  the 


tiic  ar rar.g«'Bent/perButaticn  cf  giccnd  equiyaent 


range 


cent inuc  us 


to  the  instruments  of  PPCA.  These  instruBents  continuoasly 


PPDA  is  executed  in 


tho  fern  cf  drum  type  counters.  The  value  ere  scale  division  of  range 


For  ranging  in  the  measuring  unit  cf  range  is  applied  the 


hi'jh  accuracy  of  veasurement.  ED  it  works  in  two  aode/conditions 


Af»er  this  autematieu 11 y is  included  the 


cf  the  tracking  in  which  with  high  accuracy  is 
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in  starch  mC'U 


distance  c i 


defined  as  sub  of  the  reading 


cbtdined  of  the  search 


ircdes  and  tracking 


Faqc  tu. 


Tho  ranqim  circuit  in  BD  can  measure  the  time  lag  of  reciprocal 
aonentiim/iepulse/pulse,  beginning  with  ncrtcin  Biniiua  interval 
The  ncrnai  nieasur ement  of  distance  is  provided  at  all  ranges  for  which 
delay  tise  ^ possibility  cf  tho  aeasureaent  of  zero 

ranges  it  is  necessary  that  the  tire  lavj  »ith  r = 0 be  also  acre  than 
vjlue  ttmim.  i.e. 


(2.8)  . 


lor  the  t ar jpt/puipose  of  the  provision  fcr  satisfaction  of  this  ' 

condition  cn  the  earth/ground  in  the  relay  ct  range  finder  is  utilized 
the  line  ct  a signal  delay  for  a pericd  tg  jg  130  ps.  General 
initial  delay  taking  into  accocnt  cede  intervals  is  approziaately  190 


The  process  cf  obtaining  tho  inforsaticn  described  above  about 

» 

range  before  aziruth-ranging  beacon  is  realized  aboard  of  each 
lirctaft , which  is  located  in  the  zone  of  action  of  this  beacon  and 
which  has  the  ccrnrcted  on  the  necessary  channel  equipment  aSBM  ( ^ 

- Short  - 1 .in  j«'  Navigation  Radio  Systetr).  In  this  case  the  relay  of  ^ 

range  finder  rust  answer  the  inquirino  rigrals  ct  all  aircraft. 
TJ’.eictcro  *hc  repetition  frequency  o£  the  retpense  signals  of  relay 


efpi  a 1 ♦ o ; 


I 
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(Z.9) 


F orm^^F  u 


wh(*rc  n is  oqual  the  amount  of  aircraft  with  the  working  equipaent  I 
PSPK  in  tie  7cne  cf  action  of  heaccn:  f 

~ * rcpetiticn  frequency  of  the  interrogation  signals  of  ^ 
cno  aircraft.  ' ( 

i 

i 

With  an  increase  in  the  acount  of  aircraft  the  increasing  !, 

frequency  cf  resjense  signals  and  with  the  ceterained  nuaber  n it  can 
bocoire  tl.o  sc  large  that  the  tra.isaitter  F-iCD  is  overloaded,  it 
ceases  norirally  tc  work  and  even  it  can  leave  the  systea  in  connecticnr 
with  an  increase  in  developed  average  power.  For  this  prevention  in 
the  relay  cf  range  finder  is  a unit  cf  the  liaitation  of  charging. 

This  unit  works  as  follows.  When  in  the  2Cre  cf  action  of  beacon  it 
is  Iccited  less  than  100  aircrait,  then  it  transaits  all  the  inquiring 
signals,  which  enter  it,  so  that  relay  answers  the  demands  of  all 
aircraft  and  aboard  of  each  aircraft  nctitally  is  neasured 

t 

c B n i d ist a rco . Put  if  relay  requests  itself  tote  than  one  hundred  by 
airertf*’,  ther  the  unit  cf  the  limitation  cf  charging  is  cut  off  to 
the  deteiitined  tine  intervals  arJ  part  cf  tie  inquiring  signals  to 

4 

« 

ti  irtsi tter  P-20n  does  not  enter.  The  more  the  aircraft  it  requests 
roliv,  t-y  tn'*  fact  to  the  large  int-'»rvals  ir  closed  the  unit  cf  the  | 
liTit.i^icn  of  chatglrg  and  the  larger  aircuri  of  inquiring  signals  it 
i;;  5cr'onied.  The  pulse  repetition  frequency  at  the  output/yield  of  } 

the  unit  c*  ♦ Iv'  ]i  IT  it  at  ion  of  char  giro  in  this  case  is  supported  by  ■ 


! XT  M ^ i:,  m •»  "I.*- . ■;  A,, 


PhCEy^^  Xi^ 
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corstHnt  at  the  level  of  the  allowed  value  ^<.t»ji««— 100  f ,. 

Facjc  65. 

An  a result  of  the  fact  that  the  relay  cf  range  finder  develcps 
roepcnse  signals  not  to  all  inquiring  sigrals  with  n > 100,  the 
repetiticr  frcquercy  of  the  response  signals,  which  coae  in  tc  each 
aircraft,  decreases  and  this  it  leads  to  tie  disturbance  of  the 
leasuring  urit  cf  range.  For  the  indicated  reason  the  capacity  of  the- 
ranging  channel  cf  system  RSBN  is  restricted  tc  100  aircraft. 

• i 

5 2.3.  riccess  of  automatic  ranging  cn  aircraft. 


r 


f 


I 


r -■  A 

V 

is 


In  woric  of  the  ranging  channel  of  systea  BSEH  aboard  the  aircraft 
in  tie  Bieasuring  unit  of  range  is  realired  the  automatic  Measureaent 
of  the  tijp  Jag  cf  reciprocal  ec  nentu  it/im  i u Ise/p  olse.  Let  us  eiaaioe 
work  cf  this  unit  (Fig.  2.8).  ‘ 

For  the  Bessureaent  of  the  tine  lag  ot  reciprocal 
(itoaentum/iTpulsc/fuise,  and  it  weans  distances  cf  ground  beacon,  in  9C 
is  u*ili7ed  the  rethod  of  comparison  cf  tliif  viie  with  the  standard 
time  interval  as  fchich  it  is  urdertaken  the  period  of  the  stabilized 
by  ouart?  rine  vtl'age. 
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fi'j.  !=i.nctional  dia^raa  of  ranee  onit. 

K-.'v  : (1)  ti3i€/t€!rForary  d iscr iainat cr ; (i)  reference  generator;  (3) 

con  v€  It -'r  ; (ij)  the  circuit  diagran  of  the  Dcde/conditions  of  tracking 
(•S)  ^^ldys  "rearcb-tracking";  (6)  the  diagrea  cf  sokpadeniy;  (7)  the 
pi;  I sr-fin  a f ine  circuit;  (P)  the  generator  cf  search 

rr  re  I til  1/ if  t u Isc/ F ulses  ; (9)  coincidence  circuit;  (10)  gate  generator 
(11)  ‘liiurars  ct  rough  delay;  (12)  shaFinq  unit  western 

soio r Tu 0/ i a r ulse/ F ulses. 
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This  vcl  taqp  (Fig.  2.9.j)  it  is  developed  ty  reference  generator. 

Frequency  of  reference  voltage  I IS  kH?,  and  period  T gj  66.7  »is.  j 
This  value  of  the  period  of  reference  vcltacc  corresponds  to  distance 
10  k»  in  accordance  with  the  krewn  dependence  of  the  tiae  lag  and 
distarcc  in  langirg  systems  vith  the  relay  letcrt  of  signals  t = 2r/c. 
Reference  vcltage  enters  the  shaping  unit  of  trigger  pulses.  Here 
fro*  sine  vcltage  they  ace  fera/shaped  rc nentu v/iapulse/pulses  (Fig. 

2.9b)  each  tioe  when  reference  voltage  reaclcs  zero  value  during  its 
change  ftoa'  negative  values  to  positive.  Tie  ASTOTA  of  the  repetition 
of  thes“  Bcipentin/iiiipulso/pulses  is  accurately  equal  to  the  fteauency 
ofrcfercncevoltaqe.  { 

Th-^r.  frc»  me  Ber,  t um/inpulse/p  ulses  IS  frequency  are  developed  ^ 

trigqtr  pulses  with  repetition  frequency  1CC  Hz  either  30  Hz  ty 
freqccTcy  divisicr  into  ISO  or  500  tines.  Trigger  pulses  (Fig.  2.9c) 
are  ccnncct^rt  with  the  fixed  point  of  reference  voltage.  They  t 

apjiroach  57.D  and  to  the  diagrai  of  roiigl  delay.  ^ 

The  diiqraa  cf  rough  delay  wear/ope rat cs  at  the  torgue/foaen t of  • 
the  admission  on  it  of  trigger  pulse  an)  fc  i ir/Ehap>es  square  pulse 
(Fig.  2.9:1).  The  dr.ration  of  this  mom''ntui/impulso/pulse  depends  on  ' ^ 
the  mil'  or  rotation  of  the  axis,  whicli  c<  meets  engine  with  the 

di.igran  cl  rcugh  delay,  and  it  can  vary  ficn  100  >js  {ttmin)  to  3140  i 

■ \ 

pE.  The  i \rq"  ct  -3  Change  in  the  duriticn  of  this  ' 

1 - 

moB"  r t'l  n/ i mp  n 1 Je/f  wise  JOOO  fjs  corresponds  to  distance  450  km.  Oy  | | 


V ! 
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n 

thn  tiailin)  r Iqp  oi  pulse  of  the  di^qraa  cl  rou<jh  delay  is  started 

f 

t . 

q.^te  c>'i't  t It  or.  This  qonerator  fcro/Ehapes  rectangular  gate  pulse  ;- 
(rig.  2.Se)  ^hose  boginning  coincides  with  the  trailing  edge  of  pulse  ; 

i . 

of  tie  diigrae  of  cough  delay,  and  duraticr  is  equal  to  60  pS,  that 
scBcwh.it  less  than  the  period  cf  reference  \cltaqe.  During  the 
r o t a t j on  / re  VC  lu  1 1 cn  of  engine  (iill  change  tie  pulse  duratlun  of  the 
diagraj  cf  tough  delay  and  consequently,  cate  pulse  it  will  be  sowed 
along  t i s e/t o jpo i ary  axis  within  liwits  frci  IhO  to  3140  ps  or 
arcotiiing  to  the  scale  of  range  froa  0 to  450  ka. 

Eng  ire  is  connected  also  through  the  ctducer  with  the  phase 

^ ■■ 

inverter  xhich  is  utilized  as  the  device  of  a precise  delay.  To  phase  '< 

t 

inverter  is  supplied  the  reference  vcltage  fioa  reference  generator.  I 

* 

rroj  fhase  inverter  is  reaove/taken  the  sine  vcltage  of  the  saae  j 

f . 

tregurncy,  ts  r.uf  porting/reference,  tut  shifted  relative  to  it  cn  » 

chase  bv  rVe  angle,  equal  to  the  angle  cf  ictation  of  the  rotor  of 
phase  inverter.  ' , 


Page  67.  . 

i 

t 

(■ 

nut  cf  nh  ise  reference  voltage  (Fig.  2. Of)  it  is  supplied  to  the  i 

pulse-shaj ing  circuit.  This  diagraa  fot»/shapes 

foae n •■'I IT/ isi  II Isey  p ul ses  (Fig.  i.'lg)  at  the  tcrgue/acaent  of  equality 
to  z'-tj  out  of  phase  of  rcfererce  voltajc  Jiring  its  change  frox  I 

negi*iv>  Values  c positive. 

r.iri’ii  *h'  rctat  ion/revolution  of  phase  invertor  changes  the 
phase  of  vtl*ige  rn  its  output/yifl.5 , which  ccrr“sponis  to  the  lias  of 


CS-15-7f,  P*GEy^4^  C2 

I 

this  voltdq<>  alcng  tlae  axis.  ctip  conplot*?  revolution  of  phase  ■ 

r 

invertor  Itals  tc  a change  in  the  phase  tc  360®  and  to  the  shift  of  ( 

h 

srne  voltage  ever  tiae/teaporaty  axis  is  accurate  for  period  of  T. 

Since  period  of  T corresponds  tc  distance  |0  ka,  aeans  to  this  value 

i 

it  cctreffcnds  one  coaplete  revolution  cf  phase  inverter,  and  each 
degr*'?'  of  the  angle  of  rctaticc  cf  phase  Inverter  it  corresponds  to 


i 


ff 

distarce  2fl  a.  Thus,  the  angle  of  rotaticn  cf  phase  inverter  by  the'-j 


detmined  shape  is  connected  vith  distance.  The 

moaentua/ iapulsc/pulses,  foraed  frea  out  cf  phase  reference  voltage, 
will  to  shif t/shcared  along  ti ac/teaporac y axis  together  with  sine 
vol tace. 


hi 
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Th^s*;  noDflntiis/ii  fulse/pulses  are  supplied  to  coinciderce  circuit  1, 
where  -ilrc  enters  gate  pulse.  with  the  aid  of  gate  pulse  the 
coincidence  circuit  separate/literates  the  tnly  cne 

me ne r ♦'u ■/ imp u Ise/ j ul so,  forned  cf  cut  of  phase  reference  voltage,  that 
that  coincides  with  gate  pulse.  The  chosen  aoientu B/ia pulse/pulse 
approaches  tie  gererator  of  search  noirent  ua/iapulse/pulses,  which 
forw/sha p rs  the  ucaentua/iapulse/pulse  cf  search  (Pig.  2.9h)  by 
duration  30  ps. 

The  ircipentuir/iapulse/pulse  of  search  is  aeved  during  the 
r ot 1 1 ion/ le VO  lu t icn  of  engine  along  tiae/tesporary  axis  (range  scale). 
Tno  fcsition  of  the  rcaentua/iipulse/pulse  cf  search  on  tlae/teaporaty 
acis  is  det-'rained  simultaneously  hy  the  ancle  cf  rotation  of  the 
tris,  connected  with  tho  diagrait  of  rcuqh  delay  (rough  axis),  and  the 
axis,  which  goes  to  phase  invertor  (precise  axis).  Rough  and  precise 
axis  ar«  connected  through  the  reducer  with  relationship  1:  25,  i.e., 

one  turn  cf  icugh  axis  leads  tc  25  turns  ct  a precise  axis.  Because 
of  ♦his  Ftiffenirg  -Jcint  of  rough  and  precise  axes,  one  turn  of  phase 
invertor  cerresperds  a change  in  tho  pulse  duration  of  the  diagraa  of 
rough  i^lav  a ppr c xina tel y of  the  period  of  reference  voltage  (10  ka 
arrerding  to  tho  scale  of  range).  TKrrefcre  gate  pulse  is  ccnnccted 
wi*h  Clio  and  the  saae  period  out  of  phase  of  reference  voltage,  but 


s*arch  nc  q“  n t ut/ i n pii  J so/pulse  - with  cne  anc  t)ie  same  the  point  of 
t)iis  {tress.  Thus,  the  moaen  t u x/i  apu  1 se/ j u Ise  cf  search  during  the 
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cot  a 1:  ion/ rove  111  t i on  of  engine  is  aoved  according  to  an  entire  range 
scale,  but  its  pcsition  cn  tine/tenporaty  a>is  is  stabilized  by 
reference  vcltagc  and  accurately  is  detervired  by  the  angle  of 
rotation  cf  phase  inverter.  After  acgiiairtance  with  the 
des i gnat i cr/pur pose  of  the  described  cell/eleaerts  it  is  possible  to 
pass  to  tie  exaeiration  of  «crV  of  the  rtasicing  unit  of  range. 

Search  ro<le.  Opon  start  BD  first  is  utilized  the  search  aode. 

In  this  xcd’/conditicns  in  engine  vith  ths  aid  of  relay  the  search- 
tructinj  ftcit  grid/network  is  supplied  the  \oltage  of  frequency  400 
Hz.  hngine  hegins  to  rotate,  and  the  rcientui/iapulse/pulse  of  search 
is  aoo.l  acccidirg  tc  the  scale  of  range.  In  this  case  at  the 
determined  icuent  of  eoBentuB  cf  search  unatcidably  vill  initiate  to 
coincide  lith  the  reciprocal  acBentux/iitpulse/pulse  (Pig.  2.9i),  which 
enters  frcai  receiver  decay.  As  a result  rc*  at  the  output/yield  of 
coincidence  circuit  2 will  bydelya*'sya  rccipcccal 

sc  lentUB/ioip  ulse/pulse.  This  Bcaent  ux/ia  p u Ise/pulse  approaches  the 
circui*-  diagram  cf  the  aode/condit ions  cf  tracking,  which  is  the 
calculiting-xemory  cascade/stage. 

fnginc  rctates  at  this  velccity  by  which  the  shift  of  the 
aomentiia/ imrulse/pulse  of  search  on  entire  range  scale  occurs  in  20  s, 
i.e.,  the  speoi  cf  the  shift  of  this  rosentcs/itpulse/pulse  it 
con  p r in-’s  : 


3000  MKceK/20  cen  ^ • 
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Inquirinq  signals  in  search  nodo  fcllcw  with  frequency  100  Hz 
(100  aoircntuir/iarulsr/pulEes  pec  scccrd)  . 


Faqe  eo. 


TliorefoLe  diiting  the  operating  cycle  cc  rancing  channel  the 

Bcmen  tu’a/iapulse/pulse  of  search  is  noved  tc  interval  1.5  ps  . The  1 

duration  cf  search  moaentun/iapulse/pulse  is  30  ps  , and  it  will  ij 

coincide  *ith  reciprocal  aowentuB/inpulsc/p else.  In  spite  of  its  shifty 

over  time/tenporary  axis,  during  20  operating  cycles  of  ranging  H 

f 1 

channel.  rf  to  each  deaand  ccaes  response  signal,  then  at  the  li 

output/yieM  cf  ccincidence  circuit  2 it  will  he  isolated  20  ri 

F’ 

reciprocal  nc  (rent  ua/iapu  Ise/pulses.  Sche  t r cza  pc  ainayushchiy  \\ 

cascddp/sta<jp  prcduces  the  calculation  cf  the  entering  on  it  i 

reciprocal  'ncaentua/iapulse/pulses  and  after  the  arrival  on  it  of  { 

10-12  mofrent u*/lir pulse/pclses  cascadp/stage  develops  the  voltage, 
which  noves  relay  search  - tracking  at  another  position.  Line  voltage 
400  Hz  ir  disconnected  trow  engine,  and  it  cstanavl iyetsya,  hut  the  J 
■omentu m/ inpu Isp/ pulsp  of  search  occupies  this  position  on 
tine/ten j ctar y axis,  by  which  it  coincides  with  reciprocal  | 

i 

wo  me  n tu  n/ i mpu  Isp/piilse.  On  this  search  roede  it  concludes.  j 

Thus,  in  search  node  is  provided  the  rough  pulse  coincidence  of 
search  and  reciprccal  mowent  ua/nnpulsc/pii  Ise  and  rough  ranging  with  an(> 

I 

accuracy  tr  the  perlcd  of  reference  vcltace  (1C  km)  , i.e,,  is 
deteriined  'hat  der.ya  t ik  ilcwet  t cvy  y cecticn  ct  range,  in  liaits  of 
which  is  IccMted  the  aircraft.  The  deter n i rat icn  of  this  section  of  \ 
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ran qc  ia  ccnductcd  by  calculatinq  the  ccaflctc  rsvoluticns  of  phase 
invertor  with  the  aid  of  the  anqle  of  tetatien  cf  rouqh  axis, 

To  each  aircraft,  except  their  respenst  signals,  caused  by  the 
inqiiitinc  signals  of  this  aircraft,  enter  also  the  response  signals, 
caused  by  the  dcitands  of  other  aircraft.  per  correct  ranging  it  is 
necessary  tnat  the  measuring  unit  of  range  tould  not  react  to  strange 
response  signals,  but  correctly  found  its  response  signal.  The 
necessary  interference  shielding  of  search  tede  is  realized  by  a 
diagr.Ts  cf  the  sklyucheniya  of  the  mode/cc  rditiens  of  tracking.  The  - 
process  cf  isclation  described  above  by  search  ■cmentum/impulse/pulse  ^ 
sufficient  large  number  of  reciprocal  ncmentUB/impulse/pulses  is  valid; 
caly  tor  its  tosponse  signals,  since  they  ceme  in  each  operating  cycle 
of  ranging  cliarnel  simultaneously  with  respect  to  trigger  pulse.  The  ^ 
pulse  repetition  frequencies  of  different  aircraft  differ  somewhat 
from  each  ether.  Therefore  strange  respense  signals  approach  this  * 
aircraft  in  each  operating  cycle  into  the  different  points  in  time  of  i 
the  reljtively  trigger  pulses  and  the  mcaen t uo/impu Ise/pulse  cf  search 
it  will  isclite  the  stall  amount  of  reciprccal 
BOBcntum/iiTFulso/pulses,  with  which  the  calculating-memory 
cascaco/stage  will  not  actuate/eperat c and  will  not  include/ccr. nect  : 
the  red ’/cendit iers  of  tracking.  The  mcrentur/impulse/pulse  of  searchb 

will  not  stop  at  the  toroue/mcaent  of  the  arrival  of  strange  v 

k 

reciprocal  or  i*en  t um/iapu  Ise/pu  Ises,  but  it  will  continue  to  revs  over  ^ 

tij'c/taapcrary  axis:  until  it  initiates  tc  ccincide  with  its  reciprocal  ■ 

w 
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Ho io/condit icna  of  tracking.  In  this  icde/conditions  works  tho 
serve  systoa,  which  switches  on  engine,  t iwr/tetporary  discrlsinator 
and  converter.  7c  engine  enters  the  ccnticl  voltage,  developed  by 
time/toaponry  discriminator  and  converter.  Frequency  by  inspector. 

The  repetition  frequency  of  interrogation  pclses  in  the 
mode/cond  i t ic ns  cf  tracking  decreases  to  30  Hz. 

"o  t iae/temperary  discriainatcr  enter  reciprocal 
BOfcntu  V/ i irpulse/pulses  from  coincidence  circuit  2 and  out  of  phase 
reference  voltage  from  f azovrayaatel ya  (Fig.  2.10).  Tiae/temporacy 
discriminator  develops  direct/censtant  voltage,  directly  proportional  ■ 

t 

to  terporary  displacement  At  between  the  licdle  of  reciprocal 
pioBiontum/impulse/pulse  and  the  zero  point  cut  cf  phase  of  reference  ^ 
voltacc  (this  pcir*-  is  marked  in  Fig.  2.9^  ly  letter  A: 


(2.  10) 


{ 


wher*'  K - {.report  ionalit  y factor. 

r.iirirg  a chaige  in  the  side  of  tho  d isagreenent/aissatch  between 
reciprocal  nc  .rent  ura/impulse/pulse  and  reference  voltage  changes  the 
fcjliri*'/  tt  output  potential  of  tin^/t enperary  discriminator. 

Til*  cii»  rut  voltage  of  tho  t i ae/t  on  pc  r a r y discriminator  0 
1 1 pto.ichcs  tho  cervortor  in  which  is  Joveicped  the  control  voltage  of 


froguriicy  400  Hz 


m this  case  the  anplitude  cf  control  voltage  is 


profctticral  to  the  constant  value  stuf'ss  0,  and  phase  changes  by  18C® 


control  voltage  the  engine  i 


disigceevent/fisvatch  between  reciprocal  to lentuB/ispalse/pulse  and 


out  cf  phase  reference  voltage  decreases.  Sben  tiae/teipora ry 


since  to  zero  in  this  case  will  be  equal  the  aiplitude  of  control 


This  state  of  the  equilitriuw  of  servo  systes  is  stable 


Bode/cond i t 1 ons  cf  tracking  zerc  point  * cut  phase  of  reference 


voltage  always  ccincides  with  the  Biddle  cf  reciprocal 


scDcrtuffl/ i^pulse/pulse,  i.e. , diagrai  follows  the  position  of  response 


Fig.  2.10.  The  ti*e  diagcaos,  which  elucidate  work  of 


tiac/tenpccary  d isccisinatoc 
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?>i0e  71. 

Thia  a<>ans  that  the  angle  of  rctation  of  the  reter  cf  phase  invecter 

iccutatcly  leternlnes  the  aeascied  sEtcyatiye. 

If  in  the  sode/cond itions  cf  tracking  for  any  reason  disappeared 

reciprocal  acsent  im/iapulse/pulses  for  a period,  greater  than  5 s, 

then  cccurs  reconnection  to  search  aode  and  the  process  of  the 

.letccjination  of  its  response  signal  is  repeated- 

In  the  aicde/cond it iens  of  tracking  is  connected  the  diagraa  of 

the  reading  of  range.  This  diagras  consists  of  the  rough  and  fine 

selsyns  cf  the  sensors,  connected  %ith  tougl  'cd  precise  aeasoring 

rres  respectively.  These  selsyns  are  ccnnected  electrically  with 

s'lsyns  with  receivers,  which  are  located  ir  the  instruaents  of  P?CA. 

receiving  synchres  are  connected  in  turn,  with  drua  type  counter. 

Pros  the  angle  of  rotation  of  tough  axis  is  deterained  the  integer  of 

the  ccsiDlete  tevcluticns  of  phase  inverter,  i.e.,  integer  N - 1 

coaplote  dc2en  kiloaeters,  which  are  placed  in  the  aeasured  distance 

r.  The  precise  aeasuring  axis  determines  accurately  the  angle  of  [ 

rotation  cf  phase  inverter  within  the  lixits  of  tha  last/latter  j 

! 

inccmplet?  turn,  Frca  a precise  measuring  axis  is  deterained  with 

hijh  accrticy  the  position  of  aircraft  witnln  the  desyatikilcaetrovogoK 

h' 

section  c£  range.  If  during  ranging  the  phase  inverter  of  { 

5 TV^r  ni  1 yasy a on  N - 1 complete  revolutions  it  is  additional  to  angle  ■ 
then  h-’  r'edr.utod  distance  ■ 


I 

1 


t 


d 
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In  accordance  with  expression  (2.11)  the  instrueents  of  PPCA  t4k,e,;X' 

» ? 

a reading  of  range.  Uecause  of  use  in  the  aeasuring  unit  of  the  range* 

fc'"''*’  I 

of  the  twc-scalc  method  of  reading,  the  ranee  is  eeasured 
unairhigucrsly,  also,  with  high  accuracy.  t '- 


Ci- 
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^ 2.t.  Ftiriciple  of  the  aeasutoment  of  aziiuth  on  aircraft. 


For  the  neasureaent  of  azieuth  cn  aircraft  in  systea  HSEN  tPtBH: 
- Shcrt-tiinqe  Navigation  Radio  System]  cn  the  earth/ground  is  utilized 
omn id irec iona  1 aziouth  radio  beacon,  and  cr  aircraft  it  is  utilized 
recei\ar  decay,  the  measuring  urit  of  the  azinath  of  BIA  and  the 
instrumerts  of  PFCA.  The  blcck  diagram  ol  the  azimuth  channel  cf 
systCB  ir  given  in  Fig.  i.11. 

Azimuth  teacen  are  two  traisaitter  - the  transmitter  of  azimuth 
signals  F-200?i  ard  the  transmitter  of  reference  signals  P-20A. 


Page  72. 


Tr  a nr  II  i 1 1 er  P-20Cr'  works  on  the  directional  in  horizontal  plane 
-*ziniith  artenn,  while  transmitter  P-20A  - ranenapr avlennuyu  in 
horizm*!!  plane  antenna. 
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Ariiuth  antfnnd  has  in  horizcfit.il  plant  a radiation  pattern  in 
the  tcr»  ct  t*c  raircw  being  ccntacted  lug/lcbcs.  The  width  of  each 

lug/lcbe  jc  (>0, 


rage  71. 


Azisuth  antenna  rotates  in  horizontal  plane  at  constant  velocity  n » 

100  r/ain-  Transvitter  P-200n  develops  tfce  continuous  high-frequency  ; 


unacdtlatfd  oscillations  at  the  frequency  cf  aziauth  channel 


(oaever,  since  tie  azinuth  antenna  is  directed,  then  the  signals,  L 

0 

'^'jitted  as  it,  are  accepted  on  aircraft  net  always,  but  only  if 

i 

aziiT’ith  antenna  is  oriented  toward  aircraft.  The  signal  of  aziunth  j. 

r- 

artenr.i  is  reo’ived  cn  aircraft  as  receiver  decay  and  is  called  J 

azii'ith  signal-  It  (Fig.  2.  12d)  it  is  the  ligh-frequency  signal  whosef 
envelcpa  shape  is  deteroined  by  the  forn  cf  the  radiation  pattern  of  i 
aziisuth  antenna.  The  point  in  tine,  kgoda  coirg  around  aziauth  signalr 
reaches  zero  between  two  snaxinuas,  it  correspends  to  that  point  in 

\ 

time  when  the  axis  of  azimuth  artenna  is  accurately  directed  toward 
aircraft  cr,  in  ether  words,  to  that  torgee/moment  when  the  angle  of 
lotition  ct  .azimuth  antenna  becaie  accurately  was  equal  to  the  aziauth, 
of  aircraft  u.  Time  interval  for  which  azimuth  antenna  turned 

itsflt  c angle  o,  directly  prcporticril  to  the  azimuth  of  aircraft  ast 
1 cf  ^he  ccnstancy  of  the  rotaticnal  speed  of  the  azimuth  J 

a ri  t e r r a : 
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12.  12) 


or 


t.  ^ -I'?. « 

360* 


(2.  13) 


360* 


where  r.p—  — —0,6  f - time  of  one  ccmplete  revclution  of  aziauth 
iiif  er  rs . 

Therefore  tise  interval  ^(L  can  serve  as  the  aeasare  cf  the 
azimuth  cf  aircraft  and  for  determining  aziinth  is  conducted  the 
eeasurement  cf  the  time  lag  of  aziruth  signal  kith  respect  tc  the 
t or gu€/nt Dent  of  passage  by  the  azimuth  antenna  of  northern  direction 
(oriain  cf  cccrdirates  in  time  diagrams,  Fic.  2.12). 

Azimuth  signal  is  amplified  by  receiver  decay  and  is  detected  by  < 
it  (Fiq.  2.12h)-  Then  at  the  tcrquc/i.cment  cf  achievement  that  which  , 
go  arcund  tfe  zerc  value  between  two  maximums  is  form/shaped  azimuth  { 
romertum/impulse/pulse  (Pig.  2.12c),  which  enters  BIA  and  is  utilized 
for  the  oeasurencnt  of  azimuth. 

I 

Azimuth  moaentUB/impulse/pulse  can  be  ised  for  determining 
iziauth  ly  t(c  measurement  of  the  t i D>e  lac  cf  azimuth  ' 

pom* :r till'/ imrulse/pulse  t (f.  if  cn  aircraft  mill  be  fixed  point  in  time 
wticn  azimuth  an^tnna  is  directed  tcuaid  rcith.  The  informaticn  about 
this  {oir*  in  time  tranrinits  tc  aircrat*  with  the  aid  of  reference 


siontls. 
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Pefccpiice  signals  arf*  fori/shapcd  with  the  transaitter  cf  P-20A  » 

j- 

as  fellows.  On  the  axis  of  the  rotat ion/ le \ol ution  of  aziautb  antenoa' 
are  cstablished/installed  two  rings  with  ccrtacts.  On  one  ring  evenly, 
in  ci tcu X Icr ence  are  placed  36  contacts,  while  cn  another  35.  Each 
ring  is  ccnnected  with  the  traesaitter  cf  reference  signals  with  the 

i 

aid  cf  slip  ring.  During  the  rctaticn/re vc luticn  of  azinuth  antenna  > 
in  slip  rings  arc  excited  the  acaentut/in(ul£e/palses  every  tine  that 


past  th«>  slip  rirg  it  passes  contact.  The  icientue/inpulse/pulses 


. 


removed  fica  ring  with  36  contacts,  arc  called  "supporting/reference  | 

I 

36",  and  leocved  from  ring  with  35  contacts  - "supporting/reference 


hofctence  pulses  "36"  (Fig.  2.12d)  represent  sequence  of  36  > 

me B>e r tu D/ i r p ulse/ p ulses  in  one  turn  of  the  antenna,  following  each  ^ 

other  through  angular  interval  cf  10°.  Disk  with  36  contacts  is 

i 

crientel  cn  the  axis  cf  the  rotation/revoluticn  cf  azimuth  antenna  so  f 
that  cne  cf  th->  tcaentum/impulse/puls^s  "36"  appears  at  the  ; 

tor gue/mc xen t of  passage  by  the  azimuth  antenna  cf  northern  direction., 
fefetence  pulses  "35"  (Fig.  2.12c)  represert  sequence  of  35  | 

mooen tu a/ imp u Isc/ pu Ises  in  one  turn  cf  the  antenna,  following  each  | 

i 

oth-'r  through  angular  interval  cf  10.28°.  ling  with  35  contacts  it  is* 
oriental  cn  tha  axis  of  rot  a t icr/re vc 1 ut i c r in  such  a way  that  cne  of 
th»  TCoertus/iapv.'lso/pulses  "35"  apjoars  at  the  tor  guo/momen  t of  I 


nassace  t>  tic  iriauth  antenna  cf  nirth-^rr  direction 


This 


p 


TCiort'ia/ isf  ulso/f  ulse,  thus,  ccincides  with  the  appropriate 
Torarr tUB/ i mpulse/f ulse  froa  sequence  "St”.  All  the  saae  reaaioing 
wcBertuB/inpulso/fulses  cf  sequence  "3S”  in  cne  turn  of.  antenna  do  not 
coincide  with  referf’iice  pulses  "36".  After  each  coaplete  cevcluticn 
of  the  aziiiith  antenna  when  it  is  turned  accurately  to  north,  again 
accurs  the  -igreercnt  of  one  ncaentua/iapulse/pulse  "35"  with  one  I 

aoBontuB/ ispulse/pulse  "36".  Beference  pulses  are  converted  in  the  ; 

♦rarsffitter  ct  P-iOA  into  reference  signals.  Curing  the  adaission  of  i 

i 

•’ach  reference  pulse  "36"  the  transaitter  F-20A  generates  the  | 

I 

two-pulse  high-frequency  coded  signal  with  the  cede  interval  Ts*.  i 

j 

Beference  pulses  "35"  also  are  converted  ty  the  transaitter  cf  j 

reference  signals  into  two-pulse  h igh- f re oue ncy  signal,  but  with  ' 

another  ccd->  interval  Tj,.  The  duration  cf  each  high-frequency  pulse 
is  f t-iis,  Reference  signals  ate  eaitted  ty  the  can idirect ional  in  1 

I 

hori7.cn*-il  plane  antenna  iooediatoly  to  all  aircraft  and  are  received 
as  receiver  deciiy.  In  receiver  the  reference  signals  are  aaplicied, 
are  detected  and  then  are  decoded.  After  decoding  at  different  ‘ 

output/y i el  Is  are  separate/liberated  the  reference  pulses  "36"  and  ^ 

"3S"  (Pig.  2.  12d  and  e)  and  are  supplied  tc  EIA.  Reference  signals  | 

I 

trarssit  at  the  sane  carrier  frequency  as  azisuth  signals.  The 

separiticn  of  reference  and  aziruth  signals  in  receiver  is  possible  i 

< 

t«cii;te  cf  "he  different  duration  cf  these  signals.  j 

t 

2.1  je  ‘(5.  I 

I 

( 

Thi"  wil'h  of  iziiu’h  signal  in  angular  unity  is  12“.  The  duration  of  , 
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this  siqn^l  in  accordance  with  equation  ( i- 72)  = 7',p»0,02  s,  i.e., 

ia  ccnsi'U-riHy  mere  the  duration  of  refeierce  signals.  Azisuth 
signal  is  passed  in  the  receiver  through  the  integrating  circuit  with 
this  time  constant,  past  which  the  reference  signals  do  not  pass. 

In  the  measuring  unit  of  aziauth  the  reference  pulses  "36"  and 
"35"  are  utilized  for  deteraining  point  in  tiae  when  aziauth  antenna 
is  oriented  toward  north.  For  this  at  t c r g te/ac sent  pulse  ccincidence 
fro*  sequence  "36"  with  one  acaentua/iopu Isc/pulse  of  sequence  "35" 
are  developed  the  aoaent ua/iapulse/pulses  of  northern  agreeaent  (Fig. 
2.12f),  which  recerd/fix  the  reference  point  of  aziauth  (northern 
directior  of  aziiuth  antenna).  Now  with  Known  reference  point  can  be 
aeiEured  the  tine  interval  between  the  oo sentur/iapulse/pulse  of 
northern  agreement  and  aziauth  vo xen tu ■/ i i p c Ise/pul se  and  is 
detcLsinro  tie  azimuth  of  aircraft. 

The  pcasuresent  of  time  interval  is  realized  BIA 

autciratically  and  is  continuous  with  the  is  pci 'z  van  iyea  of  all 
reference  pulsds  •’36"  and  "35"  as  standard  angular  grid.  The  measured 
azimuth  cl  aircraft  transmits  tc  the  instrunents  of  the  PPDA,  which 
continuously  indicate  to  aircrew  the  current  aziauth  relative  tc  the 
point  of  th"  ar ranqeacnt/per BUtat icn  ct  az i »uth-ranqinq  beaccn.  The 
azijuth  fcalo  of  instruments  FPCA  is  executed  in  the  fora  of  needle 
indicator.  Navigator's  instrument  provides  the  more  fine  reading  of 
azivuth.  The  value  one  scale  divisions  cf  Ihe  aziauth  of  PPDA-S 
cemreses  (.1",  and  the  instruaert  of  irrA-F  2°.  For  the  measurement 
ct  a^inuth  into  F IA  is  applied  the  twc-scale  methol  of  the  aeasureaent 
bocau.'!'  ct  wliich  is  reached  high  accuracy.  Fia  works  in  two 
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ts 


■oJe/conditicns  - search  and  trackings.  first  after  the  start  of 
instruaintat ion  is  utilized  search  acde.  In  this  aode/conditlors  the 
aziaiuth  is  neasured  roughly,  with  an  accuracy  tc  10®,  i.e.,  is 
detecwined  that  desya tig  rad usn y y sector  H ot  the  space,  in  1 inits  of 
which  is  located  the  aircraft. 


I 

r 
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After  this  a«tcaa tica 1 ly  is  included  the  aoce/cendi tions  of  the 
tr.vcVinj  iii  vhich  with  high  accuracy  is  neafured  the  position  of 
aircraft  (Pig.  2.13)  within  the  obtained  in  search  aode  for 

desy at ig r iduE roqc  sector.  The  neasured  ariiuth  a is  defined  as  sua  of 
the  tradings,  obtained  of  the  search  modes  end  tracking: 

(2-  m).  a-10(yV— l)+a,. 

As  it  fellows  frea  the  principles  of  ranging  and  aziautb  on 
aircraft.,  all  signals  of  ranging  ard  aziirti  channels  are  accepted  and 
they  are  sepa tate/liberatod  at  different  cc tput/ yields  one  and  the 
sane  receiver  decay.  For  the  clearer  understanding  cf  the  operating 
principles  cf  systen  PSBN  let  cs  ezaoine  fleck  diagraa  (Pig.  2.14)  and 
week  tf  receiver  decay. 
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fi>j.  2.iy.  Block  diagcaa  of  receiver  cecaj. 


Key;  (1)  DSh  reffcnse  signal.  (2)  on  . (3)  DSh 

zapraslii  t lyushcheqo  signal.  (K)  the  diagrai  of  the  isolation  of 
int G t loga t Ic n pulse.  (5)  the  shaping  unit  cf  aziauth 
aoB'’ritu™/ii!'pulse/(.ulse.  (6)  DSh  reference  signals.  (7)  the  unit  of 


land  irg. 
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This  roceiver  Is  diplex  superbeteccd yes  radio  receixer.  Out  of 
ar.terra  tho  si'jnals  of  the  relay  of  range  finder  with  carrier 
frequency  and  the  signals  of  azimuth  bcaccn  with  carrier  ^ 

frequency  £ approach  conaon/general/totaJ  sixer.  There  is  supplied 
the  xcltaqe  of  the  heterodyne  which  can  work  at  40  different 
frequencies  ^ providing  thereby  40  frequency  channels  of  systes. 

At  ♦he  output/yicld  of  wixer  ate  separate/1  iterated  the  signals  of  teo 
different  interiediate  frequencies  fer  a ranging  channel  and  f 

for  an  azieuth  ctannel.  ' 


(2.15) . 


/•►fl  = /fl  — /r: 
/■M  “/xT’/r. 
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Til"*  irteraediate  frequencies  are  censtants;  therefore  and  their 
difference  Jupa—fnp.A  also  a constant  value.  Frca  equations  (2.15)  it 
is  evilert  that  a difference  in  frequencies  cf  the  ranging  and  aziautb 
charrels  alsc  rust  be  the  constant  value;  < 


(2.  If).  /a— /a — /„pA  * const. 


Thin  neans  that  tho  siaultanecur  rtcffticn  cf  the  signals  cf 
tancir.g  and  iziouth  cliaiirels  is  fcasillc  crly  in  such  a case,  when  a 
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diff€ceticp  ir  frccupncies  is  ere  and  the  saae,  ^ 

independent  of  the  utilized  f rcquoncY-ccdc  charnel.  For  this  reason  f 

during  s^^itching  the  channels  cf  fteguerev  fj.  and  they  Bust  f 

t- 

change  by  enr  and  the  sane  value.  ■ 

f 

f * - 

Pron!  the  output/yield  of  aixer  the  signals  cf  frequency  <■^•1  j 

dostufayut  to  tlsr  IF  aaplifier  cf  the  ranqirg  channel  of  UPC-D,  they 
are  aaplilied  by  it  and  are  detected.  After  detector  the  response  h 

signals  cf  the  relay  of  range  tinder  are  decoded  in  the  decoder  of  f 

resicnso  signals  and  the  chosen  at  its  cutpit/yield  reciprocal 
itcnrr.tun/iapulse/pulse  it  approaches  the  xeasuring  unit  of  range.  | 

The  decoder  cf  inquiring  signals  and  the  diagra*  of  the  isolation, 
cf  in*er legation  pulses,  connected  with  UEC-C,  are  utilized  during  | 

f 

coordinate  deteraination  of  aircraft  on  tie  earth/ground  and  will  be  • 

f 

oxairincd  helow. 

Iho  signals  cf  frequency  /np  a_  frea  tie  output/yield  of  Bixer  are  • 
supplied  to  the  IF  amplifier  of  the  aziituth  channel  of  UPC-A,  they  are 


■iat)lifi£*d  by  it  and  are  detected.  At  the  ortput/yield  of  the  detector 
of  tie  aziauth  channel  of  receiver  the  decay  is  separate/liberated 
azirtiith  signal  .and  reference  signals.  Aziarth  signal  it  passes  on  the 
shtpiri  trit  cf  the  aziauth  ac xen t ua/i * p u 1 se/p ulse  which  develops  the  ( 
aziauth  inc  a*' p.tu  x/ i i pulse/pul  se  , which  enters  the  leasuring  unit  of 
aziauT'j.  Pefererce  signals  pass  to  the  Itccder  cf  reference  signals  ' 
in  -whic’i  tlie  signals  ".16"  and  "35"  srp.irately  decoded  because  of  the  [ 

i 

ditfcrer»  cede  intervals  Ts*  and  Tjs-  A-'-  a result  at  the  ou  t pu  t/y  ie  Id  P 


"36"  and  "35" 


which  enter  FIA.  In  work  of 


Koy;  (1)  relays  "poiskslezheniye".  (2)  az  Bcvcntuii/impulse/pulse. 
(3)  «•  iii?/tera jrcrary  discrininatcc-  (4)  Ptcolrazovotel*. 


C^- 


unit 
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of  aziaath. 


^ rgAe^nouCn  ^ 
-cAexeMoe" 

- e»r  ■' 

f»>  1 

(•/) 

dpeuenHOu 

[)a»J 

XOOmfA*  ( 

/,)  (’Ll l_  (f, , 

V * Q3  QpeneHHou  Ppe&Cpoj^ 

UMniJAbC~^  —————— 

Functional  diagram  of  the  icasucing 
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To  BI\  froD  rPCjivGC  decay  enter  the  fcllowing  signals; 

enter  aiiouth  acaentua/ia(ulse/pulses  vith  repetition  freqcency 

- the  sequence  of  reference  pulses  •*36"  with  repetition 


frequency  ; 


\\7.  60^~W-Q 


- ^he  sequence  of  reference  pulses  "35"  with  repetition 


f requenc  y : 


58.3f?;/(r)  rtrD. 


The  sequence  of  reference  pulses  "36"  approaches  the 


tims/t^eporary  F.cdulator  of  a precise  charnel 


In  aodulatcr  the 


ucaertua/ is  pulse/pulses  "36"  arc  cenvertad  into  the  sine  voltage  of 
frequency  60  hi  (Fig.  2. T6b) , initial  phase  cf  which  is  determined  by  ; 
the  teaporiry  sicration  of  aomert  ur/i  ip  p'l  1 se/pulsas.  Sine  voltage 

r ' 

reaches  zero  ucon  transition  ftca  neqative  values  to  positive  at  the  | 

5 

onsets  of  tc  iren  1 1 n/i  a pu  Ise/pul  ses  "tf".  } 


'tie  T 4 . 


Fiq.  2.16.  The  ti«e  diagcaas  of  the  aeasttring  unit  of  aziaath 
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The  cotcrs  cf  phase  inverters  <^Br  OBr  connected  between' 

theoselves  by  reducer  with  transaission  1:  36  they  have  a * 

rcanunicaticp/ccnrection  with  the  enoinc  thicogh  the  I 

covBcr/qcneral/tctal  reducer.  During  the  ictaticn/revolutlon  of  - 

engine  tc  cne  cca^lete  revoluticn  cf  ^he  (base  inverter  of  rough  t 

i 

channel  it  corresfonds  •'36"  the  ccaplete  reicluticns  of  the  phase  [ 

\ 

inverter  ct  a precise  channel.  During  the  rotation  of  rotor  [ 

t 

through  360°  phase  of  output  pctential  cf  pbase  inverter  charges  by  | 

360°,  which  ccr responds  to  vcltage  bias  alcrg  tise/tesporary  axis  | 

j 

•iccuratwly  on  the  voltage  cycle  of  treguency  60  Hz,  i.e.,  on  the 
repetition  period  of  reference  pulses  "36".  The  time  interval  tetweeni 

t 

Bctte  r tuai/ iip  I)  Ise/ pulses  "36"  as  it  was  explained  earlier,  corresponds  ► 
to  .ingl^  in  .'-pace  into  10°. 


Page  eo. 


Therefore  one  ccvplete  revoluticn  OB,  corresponds  10®  change  in  the  . 

i 

aziiuth,  and  each  degree  of  angle  ct  rctatitn  <t>B,  correspond  1/36®  • 

[- 

chance  ir  the  azinuth.  Thus,  cn  angle  cf  rctaticn  OB,  can  be  ^ 

dereririned  with  high  accuracy  the  azivuth  cf  aircraft.  The  axis,  | 

connectc-l  with  the  rotor  of  this  phase  inverter  is  a precise  weasuringf 


Th--*  ingle  of  rotation  of  the  rotor  cf  the  phase  inverter  of  rougnt  * 

oa.v 

channel  t K-  in  "16"  cf  timos  less  than  ^ht  angle  of  rotation  cf  rotor/:, 
ind  t '.nT  - f .ii*'  earl  degree  of  angle  or  rctaticn  d’H,  corresponds  1° 


1 


ch.iiu)t  in  ••lu’  dzixuth,  but  one  ccaplete  cevcluticn  of  the  phase 
inverter  ci  rcu^h  charnel  is  360®  char>;eE  ir  tic  aziauth.  On  aii<jle  of 
rotation  <bBr  it  can  be  roughly,  but  unaalicucusly,  is  determined  the 
a/iouth  cl  aircraft.  The  axis,  connected  with  rotor  is  rough 

ineas urine  axis. 

Cut  of  phase  the  sine  voltage  of  frecucrcy  60  Hz  fro« 
oil  t c u t/y  i € Id  4>6r  enters  into  tiae/teispotar y modulator  and  in  it 

at  the  tcraue/nosents  of  the  achievooent  of  zero  of  the  sine  voltage 
during  its  change  from  the  negative  to  (csitive  values  they  are 


V. 

t. 


develcp^d  no acn t u i/i a pulse/p ulscs  (Fin.  2.1tc  and  d) . The  tine 


interval  totveen  these  Boneiit  u v/impu  Iso/p  c 1 ses  is  equal  to  the 
interval  te*’V6en  reference  pulses  "36",  which  corresponds  to  angular 
interval  into  10®.  During  rotation  5' 6^  the  acnentun/iopulse/pulses 
are  s hi r t /sh e au c d along  tiBe/tevpotaty  axis.  Kith  one  complete 
rev  clutter  the  cicae  rtun/impulse/pulscs  are  shift/sheared  along 

ti- e/t^v  per  i r V axis:  accurately  to  the  interval  between 
reno  r.  t uT/ i r r u Ise/ pul  ses,  or  on  10°  in  angular  unity.  We  will  call 
these  ao  J<- nt  u v/i I pulse/pulses  vcvable  dtsyatigradusnyni 
BCff«'rtiiT/iirpiilsp/rulses. 

Oil*-  ct  phase  the  sine  voltage  of  frequency  60  Hz  from  phase 


invcrtt.r  (Fiq.  2.16c)  will  be  f cr  d/cc  nc  uc  ted  to  the 

t ice/ 1 f o r a r y ircuulator  of  rough  channel.  There  enters  the  sequence 
of  rct-*rrrc’  pulses  "3S"  (Fig.  2.  16f)  . Ir  ocdulator  is  realized 
BOlulj'irr.  ■?!  tleco  ffCBe  ntii  n/i  a p ul  Ev'/f  u 1 scs  with  the  aid  of  the  sine 
volt.io'  ct  frequency  60  Hz.  The  aapli^u.le  ct  each 

uor'T.t  u n/ int  ( u Ir.o/ p ul  i:e  of  seguence  "3'i"  after  ncdulation  (Fig.  2.16g) 


CS-Ui-Tf.  <i5 

is  p rcjor tional  tc  the  value  of  the  sine  vclta^e  at  the  onset  c£  this 
Bome r tun/ iaipu Ise/pul se.  The  teirpcrary  sitcaticn  of  reference  pulses 
"35"  A relative  tc  ;:eros  of  sine  vcltage,  l.e.,  relative  to  the 
sequence  cf  Pcmertura/iinpulse/pulses  "36",  changes  periodically  with 
difference  frequcrcy  F,*  - F35,  equal  to  tfe  frequency  of  aziauth 
signa Is ~ / 7 Hz.  Therefore  go  around  cf  the  nodulated  sequence 
of  iDC  sen  t uir/i  spul  se/pulses  has  a frequency  (period  is  equal  to 

the  period  of  the  rotat icn/revcluticn  of  aziauth  antenna  *7gp  ),  and 
its  initial  phase  is  equal  to  the  initial  phase  of  the  sine  voltage, 
removed  with 


i 
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The  vcdulatcd  sequence  of  nsoinen t u i/i r p ulse/pulses  "35"  is 
integrated,  as  a result  of  which  is  separ at  e/liberated  go  arcund  of 
this  sequence  (Fig.  2.16h).  This  voltage  is  utilized  for  the 
foriraticr  cf  gate  pulses  (Fig.  2.  16i)  , whief  appear  at  the 
torquc/mc  iicnt  of  the  achievonent  of  zero  gcir.g  around  during  its 
change  f t c it  the  regative  to  positive  values.  During  the  rotation  of 


r 


t. 

r.>, 

) ■ 

) . 

i 

1 ^ 


the  rotor  of  the  phase  inverter  of  rough  channel  changes  the  teBporarfi,i 


situaticr  cf  cate  pulses,  whereupen  bc uen t u 1/ i rpulse/pulse  on  the 


period  cf  rot  at  icn/revoluticn~^/>  or  tc  36C°  in  angular  unity. 

fa^e  length  is  equal  to  in  angular  sdinitsakh,  i.e.,  is 

somewfat  shert^'r  than  the  half  cf  the  interval  letween 


& 


a t i 1 1 .Ki  ir  r y ff  i ipoincn  t um/i  n pn  I se/p  u 1 £?«*  s . Gate  pulse  coincides  with 


CTiO  cf  *Kc  3rv.\Me  d sy  a t iq  rad  i t5:n  y )c  h me  ir  t n t ua/ i b pu  Ise/pu  Isos*  Durin:; 


C5-n-7f- 
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the  r ct A t icn/ te vclut ion  of  engine  bo+^h  these  «oiientu«/iiii  ilse/pulses 

)r"' 

simu  1 tan ccueI  y are  moved  along  t i ee/t en f c la r y axis,  so  that  gate  pulse:- 
coincides  always  with  one  and  the  sane  de sy atigradusnya  { 

tr.O(nentuii/i»rulse/f ulse.  The  tespotary  situation  of  these 
ocD’C n tuir/ iepu Ise/ |.ulses  unanbiguousl y is  detereined  by  the  angles  of 
rotation  cf  the  rotors  of  the  phase  inverters  cf  rough  and  precise  i 
char  re  Is.  ^ 

Cate  pulses  and  aovable  dcsya t i gra du s n ye  rcientui/iapul se/pulses 
are  utilized  for  the  eeasurenent  of  azicuth.  let  us  exaaine  worir  BIA  ‘ 
during  the  azisiuth  deterainaticn,  which  is  realized  consecutively  in 
two  Bcde/ccnditicns. 

Search  mcde.  This  Bode/ccnd  it  ions  is  utilized  upon  the  start  of 
inst r uae ntat ion.  To  the  tiee/tenporary  d isctiai nator  through  the 
relay  "search-tracking"  are  supplied  the  gate  pulses  fro*  Bfilr  and 
aziruth  me  Be  ntu  ir  / i epulse/pulses  from  receiver  decay.  To  engine  coaes  v • 
froB  gr  i d/rr*t  wor  k the  voltage  cf  frequency  UCO  Hz  and  it  rotates. 

Curing  the  t eta t icn/te vo lut i cn  cf  engine  the  gate  pulses  are  aoved 

( 

k 

along  ti  me/t  eirrorary  axis  until  they  initiate  to  coincide  with  aziauthl 

j j 

BcoentJiB/impulse/pulses  (Fig.  i.16j).  After  the  agreement  of  these  k ' 

V '( 

Boner  tuT/ is  [ u Ise/ pulses  from  t i te/tem  po  c a r y discriminator  on  relay  ttes-  i 

f 

"poiskslczh^niyr"  enters  the  vcltage  which  meves  relay.  From  engine  f -• 

i. 

is  discorrected  tie  line  voltage,  and  it  is  stopped.  Gate  pulse  - 

ceases  *c  he  moved  in  t i me/t e n p or at y axis  ard  now  always  coincides  r 

with  azimuth  bo  i c r.t  um/im  pu  Ise/pul  se,  as  a result  of  which  its  ‘ 

♦ riiipctary  Fi‘uiticr.  is  determined  by  azioutl  mo  sent  u*/i  sipu  Ise/pul  se,  !•'  ' 
an-1  it  rears  the  angle  of  rotation  ot  ictcr  cjifif-and  of  rough  ;; 
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V^>’' 


ncast’iina  axis  they  correspond  to  the  azitiutb  of  aircraft  with 
accuracy  cf  apprcxintately  5°.  Thus  in  search  »cde  realized  rough  S 

Bca  ri  loire  nt  cf  aiiauth.  i 

f 

{. 

r.odc/condit  icns  of  tracking.  In  this  lode/conditions  is  utilized 
the  serve  Eystom,  which  switches  on  time/teiporary  discriainator, 
convsrt'^r  and  engine. 


Pa  g € ^ . 


Fro*  the  angle  cf  lotaticn  of  rough  axis  is  deterained  the  integer  of  | 

f- 

the  ccTnlct«  revelations  of  the  phase  inverter  cf  a precise  channel, 
the  integer  of  dozen  degrees  N r 1,  that  are  placed  in  the 

h - 

!"‘'ari:rcl  azicuth  o.  The  precise  neasurinc  axis  deteraines  accurately  I 

it' 

the  pcsition  ch  aircraft  within  the  las*/latter  inccaplete  ten  f 

degrees.  If  during  the  neasuremont  of  aziauth  the  phase  inverter  of  a- 
pr-’cise  channel  turned  itself  tc  N - 1 cccplete  revelations  and 

» 

a-l  1 it  iona  1 ly  to  argle  then  the  measured  azimuth  of  aircraft  was  j 
equal  to:  * 


C?.  1h)  . 


* 360®  ) 


I 

In  accordance  with  e-xpression  the  instruments  of  FPCA  take* 

* 

« rcacirig  cf  aziiruth.  nccause  cf  use  ir  tfe  measuring  unit  cf  the 
a7iTt*ii  cl  'he  twc-';cale  method  of  reading,  the  azimuth  is  measured  ♦ 
u"  > m * 1 I u c 1 V , alio,  with  high  accuracy. 


0^-  l'-,_7f, 
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2.('.  Piinciple  of  coordinate  deter  minaticn  of  aircraft  on  the 
ear  t > /iir  c urd  . 


t' ' 


Jystem  PSDN  Bakes  it  possible  to  deteriine  on  the  earth/grcand 
‘■he  polar  cocrdirates  of  aircraft  (slant  targe  and  a7iauth)  relative 
to  ‘If  pcint  cf  the  arra  rgeaent/peraiutat  icn  of  aziauth-ranging  beacon. 
For  this  purpcsc  cn  the  earth/ground  is  utilitcd  aziauth-ranging  radio 
he.iccr  and  plan  position  indicator,  but  cn  aircraft  is  utilized  the 
same  instrumentation,  as  during  ranging  and  aziauth  on  aircraft.  Let 
IIS  rxanire  the  principle  of  coerdirate  deteiiination  of  aircraft  on 
the  f art h/qtcund , by  utilizing  for  this  a block  diagram  (Pig.  2.17). 


PACK 


Fig.  2.  17.  Elock  diagraa  cf  coordinate  deteraination  of  aircraft 


cn  the  earth/greurd  in  systes  FSBN-2 


Key:  (1)  the  diagraa  of  isolation  pulse  cl  deaand.  (2)  enceder  S2D 
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For  aotorair inij  the  coordinates  of  aircraft  on  the  earth/grouod 
is  realized  deaanc  of  aircraft  equipient  fr<i  the  earth/ground  and-' 
obtaining  to  it  a rswer/response  £ccb  aircraft.  Inquiring  signals  are 
focB/shapcd  uith  the  trarsnitter  of  the  relay  of  the  range  finder  of 
P-20r.  ‘Ic  this  transnitter  enter  dvuVhgradisnje 

iro3entu*/i*Fulse/pulses  froa  ring,  which  is  located  on  the  axis  of  tbej 
rot  a t ion/revc  lut icn  of  aziauth  antenna,  on  which  established/installed! 
1*30  ccntjcts.  D w uKhgradusnye  ncaentui/iniulse/pulses  (Pig.  2. Ida)  in 
transmitter  the  F-20D  are  coded  (each  acnentua/iapu lse/puls;fi  is 


m 


conv“ttea  intc  three-pulse  interval-tiBe/tettpotary  code)  and  at  the 

carrier  frequency  of  ranging  channel  p fl€y  transait  to  aircraft. 

Those  inguirirg  signals,  transiitted  frea  tie  transnitter  of  P-20D  Jto  -t 

lircra:*,  art  called  signal  the  "deaar.d  of  indication".  On  aircraft 

tho  siinals  the  "deBard  cf  indication"  arc  received  as  the  ranging 

channel  cf  roceiwec  decay  and  after  a r p 1 i f ic at ic n and  detection 

apprcacb  the  deceder  of  inquiring  signals  (ree  Pig.  2.14).  Here 

si'jnils  are  decoded,  as  a result  of  which  at  output/yield  decoder  of 

inquiring  signals  are  separate/liberated  dvckhgi adusnye 

mosept'ii/ itru  Ise/pulse.s  (Pin.  2.18b)  which  delay  with  respect  to  the 

sne  <1 V II  k hg  r a du  sn  ys  aoae  n t u i/i  ■ pul  se/pa  Ises  cn  the  carth/ground  on 

valu'’  *,  = 4/c,  -.lero  r delay  the  distance  letween  the  bcMCon  and  the  (P,* 

h" 


6* 


aircraft 
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Ih"  transnitter  of  azinuth  signals  P-2CCf1  wucks  just  as  during 

I 

thp  Bca su lemont  c£  azinuth  on  aircraft,  i.e.,  it  sends  to  aircraft  ^ 

i 

xith  the  aid  of  azinuth  antenna  azinuth  siqrals  (Fig-  2.18c).  These  x 
signals  ace  received  as  the  azinuth  channel  of  receiver  decay,  they  " 
Oi'ter  then  into  the  shaping  unit  of  azinuth  noaentu n/ia pulse/puXses,  s 
at  cutput/yield  cf  which  is  se para te/1 i te rat ed  azinuth  i 

monentuni/ inpulse/pulse  (Fig.  2.  lad).  As  it  was  shown,  tine  of  the 
appearance  of  azieuth  aocent  uir/iapulse/pu  Ises  cn  aircraft  is 

deteinined  by  the  azinuth  of  aircraft  (see  equation  2.12). 

fvii  kiigradusnye  and  azinuth  me  ■•■•ntu  i/ is  pulse/pulses  approach  the 
diagram  ct  the  isclation  of  interrejat ion  prises,  which  enters  the 
receiver  decay.  This  diaqran  cf  all  d viih ) g tadusnykh 
itoraentiim/iiTf 'ils«/pulses  in  each  turn  of  azinuth  antenna 
separat.o/ 1 ibera  tcE  the  only  one  dvukhoradts  ryy  noaentun/inpulse/pulse 
(Fig.  2.  1 6e)  , that  tliat  the  first  comes  after  the  beginning  cf  azinuth 
f one n tii  m/ i mpu  Iso/ p u 1 se.  This  chosen  d vu kh  g t adusny y 

mome  n tu  m/ imp'i  Iso/ j ul  se  is  directed  tc  fer  ercoder  the  SZD  in  which  li 
is  crrv-^r*t)  in»c  three-pulse  interva  i »c/tenporaiy  code.  nna»i  • 
effect  ot  this  erdo  the  transnitter  SZD  gertrates  the  high-fj.  ■ 
co.ic  1 r.igral  at  treiuoncy  and  with  the  aid  cf  th-’  tt  • ■ 

'C2X 

antenci  onit:;  it  into  space.  The  sigr.^l,  which  go. 

17.  i mu  1 1.  - t a eg  i n I Iracnn,  is  railed  sioril  M*  "at  ■ 


iinl  ira*  i(  r".  n n »t.e  e i r t h/ j t ourd 


I I • 
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indication"  is  received  as  the  receiver  cf  KfU,  it  is  aaplified  in  it 
and  is  decoded.  At  the  output/yicld  cf  receiver  is  sepacate/li berate 
reciftocdl  ac n* ua/i npu Iso/pulse  (Fin.  2. Iff)  which  delays  with 
respect  to  ehe  ctesen  on  aircraft  dvuKh(jr adisncau 
■OBientuB/inp Jlso/piilse  for  a period  t?  = r/c. 

i t rnr  al  » r r ♦«  w/iypul  S€/p 'Jl  SO  is  ECppliCd  tO  thc  COntrcl 
electrode  cf  cathede-ray  tube  FPI  and  creates  on  scope  the  aark  of 
aircraft.  ' 

Fcciprocal  icnentua/iapulse/pulse  (see  Fig.  2.18)  it  contains  tk 
infcriaticr  about  the  aziauth  cf  aircraft  acd  distance  of  it.  The 
infeteatien  about  slant  range  froa  beacen  tc  aircraft  is  contained  in 
the  tine  lag  cf  reciprocal  ooaentua/inpulse/pulse  with  respect  to  its 
caused  d v u bhnra  dusnonu  ncnentui/iapulse/pclec.  since  tiae  lag  tj  ==  t, 
♦ tj  = 2r/c  is  directly  proportional  to  the  slant  range  r.  The 
intcriraticn  about  the  aziauth  cf  aircraft  with  tochnonost'yu  to  2®  is 
con*.iir*'d  in  the  tine  lag  of  reciprocal  ncacntua/iapulse/pulse  with 
respect  tc  thc  tergue/Boaent  of  passage  by  the  aziauth  antenna  cf 
nortbern  dirccticn,  since  reciprocal  aoaent ra/iapulse/pulse  can  be 
foracd  in  tiire  irterval,  which  correspends  2®,  after  the  appearance  c 
an  a7ii<iuth  ncientnn/iapulse/pulse. 
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In  1 7 inuth -rang i ng  beacon  is  applied  ttc  plan  position  indicator 
a sisilai  PPI  of  radar  stations.  Sweep  circuit  PPI  is  started  by  the 


dvu  )h<irad'isry»i  icDi'^ntun/impulse/pulses,  icicved  frea  the  slip  ring. 


***?«•- 
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lack  o£  aicccalt  will  le  illuaicattd  cn  that  sweep  trace 
which  is  created  hy  the  d vuthgradusn y a nc lertui/ispulse/pulse,  which 
caused  recipcccal  Bowent ua/ispolse/pulse.  the  position  of  the  Back  of 
aircraft  cn  sweep  trace  is  deterained  by  a delay  in  the  reciprocal 
nomentun/inpulse/pulse  with  respect  to  the  c vukbgradusnoau 
mone ntu3)/ inou Ise/ pulse,  which  launched  this  sweep  trace.  Therefore 
distance  cn  screen  fron  center  to  the  nark  cf  aircraft  is  proportional 
to  irclined  distance  fron  bcaccn  tc  aircraft  in  space. 

Thus,  the  pcsition  of  target  blip  cn  scepe  is  deternined  by  the 
actual  pcsiticn  cf  aircraft  in  space  rclatite  tc  beacon  and  on  target 
blip  they  can  be  snasured  the  coordinate  cf  aircraft  (slant  range  and 
az imuth)  . 

For  “he  r“a-ing  of  the  coordinates  of  aircraft  on  screen  is 
created  clectroric  scale  grid,  for  which  tc  cathede-ray  tube  they  are 
supplied  scale  rarge  narks  and  azinuth  Barkers. 
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As  azinutk  markets  are  utilized  the  desyatipradusnye 
BcnentuB/inpulse/pulses,  reBoved  fron  ring  *76*.  These 
lonentuB/irpulsc/pulses  brighten  sweep  trace,  nultiple  10**.  The 
illurinated  swe^p  traces  are  utilized  as  azinuth  scale  grid.  Tc 
indicator,  besides  desyatigradusnykh  ecierttB/irpulse/pulses,  are 
siippliel  disc  the  rorent  un/irpulse/pul  ses  fica  the  ring  on  which  is 
est a t lishsd/insta lied  the  only  cne  contact,  which  corresponds  tc 
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northern  in*Tnna  toacinq.  These  nourntuin/iifulse/pulses  provide 
illuoinaticn  on  the  scope  of  the  lino  of  2exc  aziauth. 

Spr^cial  teat  ure/pecullarity  the  PPI  cf  the  aziauth-canqing  beacen 
of  svstov  R.SBN  ir  coapacison  with  the  indicators  of  radar  stations  is 
the  fact  that  the  nark  of  aircraft  is  neved  by  shocks  froa  one  sweep 
trace  to  adjacent  during  a saocth  charge  in  the  aziauth  of  aircraft. 
This  is  explained  by  the  fact  tbat  Cor  the  fcriation  of  reciprocal 
aoaentus/ixpulse/pulse  is  utilized  one  cf  tte  dvukhgradusnykh 
noaentus/ iapulse/pulses.  In  this  case  the  taxiaua  error  in 
deteriina ticn  of  aziauth  is  2^.  For  displaceaent  paths  of  the  aziauth 
scale  to  1°  they  attain  tbat  the  error  beccies  syaaetrical  relative  to 
2“rc  and  decreases  two  tines  (*-1®). 


Cu 


« 1 

ring  ccordinate  deterninaticn  of  aircraft  on  the  earth/ground 


is  utilized  the  sane  ranging  channel  (t ra r slitters  of  P-20D  and  SZD) 
that  and  during  ranging  on  aircraft.  In  creer  tbat  the  signals  the 
"devand  cf  indication"  and  the  "answrr/respense  of  indication"  would 
not  affect  the  werk  of  ranging  channel  dutirg  ranging  the  aircraft, 
they  are  ceded  by  three-pulse  code,  while  irquiring  and  response 
signals  take  the  fora  of  two-pclse  code.  Cr  screen  PPI  are  feraed  the 
sarks  of  all  aircraft,  which  are  Iccated  in  the  zone  of  action  cf 
aziaiith-rangirg  hcaccn  and  which  have  the  ccnnccted  on  the  frequency- 
code  chanrel  cf  this  beacon  eqolpaent  for  sjstei  BSHH.  Thus,  the 
systen  pccvldes  rapping  onto  the  FFI  cf  the  inferaation  about  air 
si t tatlon . 

Additionally  systen  aakes  it  possible  fer  dispatcher  to  identify 
aircraft,  i.e.,  froa  all  aircraft,  rapped  erto  FPI,  separate/liberates 


1 


I 

I 
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/fS 

ore  It  *l-e  given  instant  of  dispatcher  ths  aircraft  interesting.  For 
this  the  dispatcher  aust  cn  cccaunicaticns  tadic  station  ask  the  crev 
cf  its  iircratt  irteresting  to  include/connect  identification. 

Ident if ic  It ic n is  included  by  pushing  ot  kneb  the  saturation 
coefficiert  (see  Fig.  2.17).  The  cnosen  d« ukhgradusnyy 
aom<'ntua*/iapul3e/pulse  approaches  enceJor  S20  in  tuo  ways  - directly 
frcir  the  cut  put/y  iel.l  of  the  diagram  cf  the  isolation  of  intcrcogatici 
Dulsrs  tnd  through  tlic  delay  line. 

jiT/<;-r-7f.-ec;Q 


■iatt.1  - 


-■aiF.iK-T  rrn?_  r?iu 
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Therefore  to  S7.0  will  aanufacture  instead  cf  ere  signal  the 
"tnswcr/tcspcrsc  cf  indication"  twe  such  eicnals,  shifted  in  tiwe 
r^litiw-’  to  each  ether  fer  a period  T^j,  that  provided  with  delay 
line.  On  the  earth/ground  at  the  out  put/ yield  of  the  receiver  cf  NPO 
4ill  isolated  two  reciprocal  ncaent  ut/i  t (iilse/pulses,  shifted  for 
F**ric.l  7^^  . ^ 

Those  tc it«nt  up/iapu Ise/pulses  will  creete  cn  screen  the 
i 1 luR ina t icn  cf  aircraft  in  the  fora  cf  t wc  luminescent  spots  (see 
Fig.  i.lS),  s-^v^ral  those  which  wer*?  di^placed  relative  to  each  other 


on  sweep  trjce.  Cn  the  doubled  aarn  cf 


produces  its  idortif icat ion.  After  this  the  dispatcher  can  request 
and  identify  the  following  aircraft. 

Cn  aircraft  for  correct  pcsition  findirq  cf  aircraft  there  is  a 
need  for  the  identification  of  ground-based  aziauth-ranging  radio 


beaccn.  Fcr  this  frea  beacon  tc  aircraft 


code  cf  signals  the  "deaand  of  indicaticn"  is  distorted  - instead  of 


the  three-pulse  cede  transaits  two-pulse.  Ihis  code  does  not  pass 
through  the  decoder  of  the  inquiring  signals  of  receiver  decay  and 
during  pause  there  signal  is  absent.  Telegraph  signal  after  the 
decoder  i squiring  sigr.a  Icvpodaetsya  into  crew  intercoBaunication 


equipaent  and  is  heard  out  in  the  fora  cf  the  deterained  for  this 


Leacen  set  cf  pcirts  and  dash.  The  tcarsiission  of  call  is  conducted 


per icdica 1 ly . Entire  cycle  of  trarsaissicn  duration  30  s.  Proa  thee  » 


15  s trarsait  the  call,  and  into  others 


regarding  the  coordinates  of  aircraft  cn  the  earth/qround 


naviga^icral  and  landing 


■»nrcute  in  ♦he  zere  cf  action  cf  aziruth-ianging  beacons  RSBN  [pCBHl” 
nhort-rirge  Navigation  Radio  Systcr]  and  in  the  prelanding 
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irane’iwi?r  i mj.  Ccrttol  of  work  of  aircraft  cquipiront  in  this 
Bodc/con'Htic ns  is  r<>alizc(!  with  tht>  aid  cf  the  control  panel  of 
naviqator  and  assembly  of  contccl  SI^P.  In  raviqational 

aode/conditicrs  continuously  and  automat ica lly  is  oeasured  slant  ranqei 
and  the  azimuth  cf  aircraft  ctncistel'no  the  BUT  which  are  utilized  j 
for  the  drivini  cf  aircraft  alcrg  the  predeternined  tra jectories,  for  i 
which  instrumentation  it  has  a series  of  special  operating  aodes. 

l<'t  us  exanine  work  of  aircraft  eguipaert  in  these 
mod  e/con d it iers. 

Page  6').  i 


I 

I 

*■  ; 

lodc/coriiliticrs  cf  the  driving  cf  aircraft  along  the  assigned  azieutb.  ; 


This  Bode/cend it  ions  is  ircluded  by  the  function  selector  on  the  \ 

\ 

control  panel  of  navigator  (position  ttsaziiut  to"  and  "aziauth  fros") » 
and  is  realized  with  the  aid  of  the  selector  of  the  aziauth, 
arr anqe/ 1 oca tf d there.  Work  of  instruaentation  in  this 
aode/cniiditiens  occurs  as  follows  (Fiq.  2.2C). 


' M 1 

1 

1 

1 
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In  the  Gelcctor  of  aziauth  are  cstabl ished/installed  the 
sync hio- 1 lansfc r lers  and  CT)p  rctors  cl  whi-h  are  connected 

between  themselves  by  reducer  they  can  be  terned  to  any  angle,  which 
corresponds  tc  the  assigned  aziauth  oC^  , ihe  stator  windings  of 
these  selsyns  are  connected  with  the  stater  windings  of  the 
sel  • sinovdatchikov  of  rough  and  precise  charnels  CJ^^andC-J^y-  being 
located  into  BIA»  The  rotors  of  selsyn  tiarswitters  and  are 

connected  with  rcugh  and  precise  aeasuring  axes,  and  therefore  the 
angle  of  rotation  of  rotors  corresponds  tc  the  actual  aziauth  of 
aircraft  a.  The  lovor  windings  of  selsyn  tiansaitters  are  fed  ty  the 
voltage  c£  frequency  ttOO  Hz.  Proa  the  rotci  windings  of 
synchro-t ransforxers  is  reaove/taken  the  vcltage  of  frequency  400  Hz 
whose  anplirude  is  proportional  to  the  sine  cf  displaceaent  angle  Am 
II  - aj  between  the  rotors  of  selsyn  transiitters  and 
synchro- transforaers; 


l/mma  ~ SiP  (>  — ■*)*■ 


a phas-*  (C  cr  180®)  it  depends  on  the  siqr  cf  disagreeaent/a isaatch. 


The  (iiagrair,  which  ensures  the  driving  cf  aircraft  along  the 


assiqred  aziauth,  consists  of  two  channels:  gurbogo  and  precise,  work 


0S-1S-7f. 


VP'P 
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khotciy<li  C'l  (linakcvd.  Durin<j  largo  disagrecBcnt/aisaatches  works  *2' 

CTf  xi  ' 

rough  channol  (Ao  > 9 - 12®).  TJie  voltage,  rescved  froa  rotor  windicgi. 
is  avflifiod,  is  straiyhten/rectitied  and  aifects  tho  relay  whose  fcv'i 

contacts  ii?  located  in  this  pcsition  by  which  to  balance  detector  ED  L-“'; 

- 

enters  the  voltage  tcca  the  rotcr  winding  of  the  svnehro-transf craer 

m 


cf  rcugh  charnel.  Furtheraoie,  on  3C  is  su{plicd  as 
suppcrtin<j/t€  fercnce  the  same  voltage,  ty  wi^ch  are  fed  ^he  rotors  of  I 
selsyn  t lars* itte  is.  Balance  detector  reacts  tc  aaplitude  and  phase 
of  the  entering  tc  it  voltage  and  dc'Yclops  direct/constant  voltage 
whose  value  is  prcportional  to  the  aaplitude  of  stress  froa  rotcr^T^  a 
polarity  it  is  deterained  by  the  phise  cf  tlis  stress.  Thus  at 


i ■ 


output/yieU  ED  Is  feraeci  direct/ccn.sta nt  voltage,  proportional  to  the. 
sino  cf  displacement  angle. 


(2.  IS) 


(/•AsinAa 


positive  cr  negative  polarity  depending  or.  the  sign  of 
disa.grecarnt/Bismatch.  This  stress  is  suj  plied  to  the  vertical 
arr  cw/pc  i rtMTi  cf  the  instruaer.ts  cf  KTE  fKHnl  “ flight  director]  and  » 
cd'’5cs  t-heir  deflection.  [;2 

Turing  a decrease  in  the  disaqrf  crent/s  isratch  Aa  tho  azplitu.ie 
cf  tie  stress,  revovod  t rca  rotcr  winding  CT^.^  decreases  and  fcecoaes 
insu  f f ic  i f M*-  for  the  function  cf  relay.  Itr  contacts  are  aoved  at  | 
amtiei  pcsition  and  on  BD  it  begins  to  enter  stress  with  rotor  j- 

win<l  iini  . Wetk  of  a precise  ch-inr.fj  is  analogous  to  work  cf  roughp 


f 

i 

f ' ■ 
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»:har.nrl  in^l  at'  cutput/yiclJ  DD  it:  is  fg  pa  r at  c/1  i ter  ated  as  before 

•Jir  cct/cc  rst  a rt  vcltage,  deter  lined  hy  value  Aa.  Pilot's  proble*  with' 


t 


the  drivirn  cf  aircraft  in  the  assigned  aziiuth  is  this  airciafi, 
contrcl  wiej;  which  the  vertical  r i f lena n/qu r ners  of  KPP'S  instrusents 
would  be  situated  in  center,  in  this  case  stress  ii.  resoved  ith  HU, 
will  to  eqial  to  tero,  and  that  aeanr,  ns  this  fellows  fros  equation 
(2.19),  in  = a - aj  = 0,  hence  o = aj,  i.e.,  the  actual  azimuth  of 
aircraft  is  equal  to  the  assigned  dzimut.’-.  Thus,  aircraft  will  nove 
over  the  line  of  tho  assigned  azinutli,  if  the  vertical 
rif  l^-nn/gunnerr  cf  KPP  are  held  in  the  center  of  instruaents. 

Curir'j  Eiall  di  sagreeaent/i  isiratrh^s  between  the  actual  and  that, 
which  war  assigned  azimuths  the  stress  level  U and  the  throw  of  the 
pointer  ct  Krpef^^p  directly  prcportional  tc  the  angular  deflection  of 
lircraft  from  the  assigned  azisuth: 


(2.2C) 

whec.>  t/x,  is  the  coefficient,  which  detenrines  the  angular  instrumeat 
sf'n  s itivity  of  KEf. 


Page  SI. 

In  cider  to  insure  the  identical  acciracy  of  the  stabilization  of 
aircraft  cn  the  line  of  th''  assigned  .azimutl  independent  of 
cr  n i d i St  I rc-i  t,  is  Issirable  tc  oniurr  tlucv  of  pointer,  propcrticnal 
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to  lirear  literal  deflection  aX  aircraft  frci  Assigned  Track  Line, 

i.  o. 


(2m  2 1 ) ^erp " A/,  ^ 

where  *•  is  the  constant  coefficient,  wtich  deternines  the  linear 
instrument  sensitivity  of  KPP. 

Linadt  lateral  defleccicn  is  connected  with  the  angular  during 
small  deflections  following  equation: 


(2.22).  A/a>r>Aa.  y 

After  sufcstituting  (2.22)  in  (2.21),  ue  will  obtain 

(2 . ^ . AcTp*"^fr* Ao. 

< 

From  the  cctparison  of  ex{ressicns  (2.20)  and  (2.23)  it  is 
evident  thar  for  (roviding  throw  of  rcintcr  it  is  proportional  to 
linear  lateral  deflection,  the  angular  instrument  sensitivity  of  KPP 
must  chingp  durirg  a charge  in  the  o i n id i s t snce  according  to  the  law 


■f 


(2.  24)  . 


«=  A,r. 


I .. . 
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The  in>lic4t€i)  change  in  the  angular  instruaent  sensitivity  of  KFPj 
is  achieved  because  of  the  coaaunication/ccrnertion  of  these 
instruments  with  the  neasuring  axis  cf  the  range  of  the  aeasurinq  unit 
cf  large. 

Cutput  potential  of  balance  detector  reaches  zero  not  only  with 
&a  = 0,  tut  also  with  a difference  of  the  actual  aziauth  froa  that 
which  was  assigned  at  an  angle  cf  130°.  Hcwever,  with  this  value  of 
actual  aziaiut.h  the  stabilization  of  aircraft  on  Assigned  Track  Line  is 
inucsEible,  since  the  side  of  deflection  the  r if leaan/gunner  of  KPP 
will  not  correspond  to  the  side  of  the  deflection  of  aircraft  from  tbej 
line  cf  tte  assigned  aziauth.  1 


*od‘'/c.>nditicns  cf  the  driving  of  aircraft  cn  the  designated  orbit. 


This  Bode/ccnd i tiors  is  iccluded  in  the  presence  of  the  position 
of  the  function  selector  "orbit  left"  or  "crbit  right"  and  is  realizedt; 

ij- 

with  ♦ho  lid  cf  the  selector  of  orbit,  •irtarge/located  on  th€  ccntrcl  ■* 

r.Ji 

panel  of  navigator.  Work  of  instrwaentat  ic n in  the  aode/conditions  of  ,, 
the  driving  cf  aircraft  on  the  designated  orbit  occurs  in  accordance 
with  ehe  diagiaa,  depicted  on  Fig.  2.21. 

/r  selector  the  orbits  are  est tbl isntd/installed  the  receiving 

I 

sync^’io  and  *1“  dcublrd  potentiometer,  ccrncctcd  with  reducer.  The 
nblv  of  tiio  relation  of  the  rotcr  cf  receiving  synchro  and 
I o*- on  t ic » "t  e t are  determined  by  the  arsign»c  radius  of  orbit  tj. 

Po*  on  «•  •>  r is  connected  with  the  rough  treasuring  axis  of  the 


« -'V. 


Thi>  st-itcr  windings  of  receiving  synchro  are  connected  with  the  stato 


windings  of  the  selsyn  tcansaittec  of  a precise  channe 


aircraft  to  beaccn.  Fro»  potenticnoter  and  fro*  the  rotor  winding  of 


alternating  voltage  of  frequency  400  Hz  whose  aiplitude  depends  on  the' 


disagce-’vent/iiisBatch.  Since  the  angle 


of  selsyns  are  detersinel  by  the  actual  and  assigned 


distance,  the  amplitude  of  the  removed  stresses  depends  on  value  Ar 


ign  of  this  value 


fiq.  2.21.  Clock  diaqraa  cf  driving  aircraft  on  the  designated 


Key:  (1)  the  doulled  potenticaeter.  (2)  aiplifier.  (3)  cectifiet 


(<4)  relays.  (5)  the  selector  cf  orbit.  (6)  -400  Hz 


KUAU-, 

mtA*\ 


*C0tn(*-) 
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Just  as  th€  diaqraa  of  the  dcivinq  ct  aircraft  along  the  assigned 
azivuth,  dlaqtas  of  driving  on  the  designated  orbit  consists  of 

two  charnels  - rough  and  precise.  During  large  disagreenent/nissatek 
(Ar  > 9 - 1J  ka)  uorks  rough  channel,  to  talance  defector  enters  the 
stress  ficB  the  f ctnntioneter  through  the  relay  which  is  controllei  by 
the  intensive  and  unidirectional  vcltage  cf  rough  channel.  After  the 
dis-agLoesent/iisiatch  decreases  to  value  9-1J  kn,  the  voltage*  resoved 
froD  potctsicaeticv,  will  be  insufficient  fer  function  relay  and  its 
contacta  they  will  nove  at  another  positicn.  On  balance  detector  will 
initiate  tc  enter  the  vcltage  tioa  rotor  wirding  and  it  will  work 

a precise  channel. 


Page  91. 


kt  the  cut  put/yield  of  balance  detector  is  developed 
direct/censrant  vcltage  whose  value  during  snail 
disagreenent/fisnatches  is  proportional  tc  value  Ar: 


(2.25).  «/-*•< 


Ih*^  fclarity  of  this  voltage  depends  ct  the  phase  of  the  vcltage, 
which  enters  cn  the  inlet  of  balance  detecter,  i.o. , it  is  deterninei 
by  the  s i jr  of  d is  »g  reenent/n  Is  v at  cli . Vcltege  0 approaches  the 
v»'rticil  jir  nw/rc  inter.s  of  the  instrments  ct  KFP  which  ace  deflected. 


L 
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arrcM/pointcrs  ct  KPP'S  instruaents  aust  te  located  in  the  center  of 
the  scale.  In  this  case.  (jC-p  tust  be  equal  to  0 and  as  it  follows 


equal  the  assigned  to  distance.  Thus,  aicccaft  will  aowe  over  the 


tralectcry,  any  pcint  of  which  tavnoudalcna  froa  beacon  to  value  Cj. 
This  trajectoiy  is  the  circle  with  radius  cl  rj  whose  center  coincides 


In  this  operating  node  in  KPP'S  instruients  enters  the  voltage 


which  depends  on  linear  lateral  deflecticr  /i  cn  the  designated  orbit 
and  thorefere  inst invents  they  do  not  nerd  sensitivity  control. 


S^— ii*lM^tigi<ei 
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Include'l  in  the  presence  of  the  position  c£  the  function  selector 
"SRF".  Hciit  c£  itstiUBentaticD  in  the  ccde/conditions  of  driving  on 
any  rectilinear  rcute  can  be  eiplained  with  the  aid  of  block  diagraa 
{rig.  2.22). 

ttith  the  aid  of  the  assenkly  of  ccnttcl  SUP  are 
est afcl ish/ inf tal led  the  paraneters  of  specified  track  Assigned  Track 
line. 


PAGE 


Fi>7.  2.22.  riock  diagraa  of  the  driving  of  aircraft  on  any 


ectilinvat  icutc 


Key:  (1)  the  asseably  of  final  adjustaent  £fp.  (2)  the  assesbly  of 


conticl  SIP 


itnnt* 


*1*". 
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Such  Firac«>ters  are  the  given  course  angle  and  polar  cocedinates 

relative  to  the  FhT  of  any  pclnt,  arrango/lccatcd  on  Assigned  Track 
Line.  This  foint  conditionally  is  called  target/purpose  (point  q is 
Fig.  2.23),  ard  its  pclac  coordinates  - ty  the  ariauth  of 
taeget/nur pose  and  by  the  distance  of  target/purpose  . The 

given  course  angle  deteraines  direction  Assigned  Track  Line  in  space, 
and  tke  assigraert  of  the  coordinates  of  cne  point  Assigned  Track  LI 
record/fixes  the  necessary  line.  Thus,  the  paraaeters  and  . 

the  est  1 1 lished/i  rstalled  on  asteably  ccntrcls  SEP,  ace  uniqae.ly 
deterxined  in  space  Assigned  Track  Lire.  Ttese  paraaeters  in  the  for 
cf  electrical  signals  approach  the  assenbly  of  final  adjustaent  S8P. 
There  fren  the  veasuring  unit  of  aziouth  and  aeasuring  unit  cf  range 
enter  actual  aziruth  a and  the  actual  ranee  r. 


PAGE 


fil.  2.23.  lo  the  explanaticn  cf  nock  of  the  diagraa  of  the 
driving  cf  aircraft  cn  any  rectilinear  rootc. 


Key;  (1)  north 


r j-is-Th 


Th‘?  dFSpaibly  of  final  adjcstaent  SfF  realizes  transfer naticn  of 
rolar  7.>jt.UnatGE  into  rectangular  oi tedr c ■ ic heskis.  Work  of  this 
asseitly  let  us  explain  with  the  aid  of  Plq.  2.23.  The  asseably  of 
final  adjesteent,  utilizing  the  entering  it  signals,  calculates  the 
shortest  distance  fren  beacon  tc  Assigned  Track  Line  lo,  which  (see 
Fig.  2.23),  it  is  deterained  bj  the  eguaticc 


(2.2t).  ^-''nsin  (t|>— a,). 


Th<’n  •■he  asseably  of  final  ad-justnent  calculates  angle  y between  ^ 
direction  in  beacen  from  the  actual  position  of  aircraft  S and  the 

i 

line  cf  parallel  Assigned  Track  Line  and  that  passing  through  the  C 

r 

(oint  of  the  actual  position  of  aircraft.  Ey  examining  angles  around 


point  5*.  it  is  possible  to  see,  that 


12.2';) 


^>+y+R»o,  X-  «• 


y — o — tp  — n. 


Page  '.5. 


ff'oc  det(»riinirg  angle  ir,  the  assently  of  final  adjustment 

\ 

ca Ir  11 1 a •:  t s rhorrest  distance  ftem  t >aron  to  the  line,  parallel  to 
irirK  T.ipe  and  passing  thto'ioh  t)e  point  of  the  actual 
jesitirn  c : aircraft. 


'5^ 
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(2.3  0).  (arsinY”’'’>ln  (a  — t"*)- 

After  this  deternined  shortest  distances  1o 
the  voltages,  ptc{ortional  to  thea: 

and  (2.31)  h f/-*/.  ‘ £,  H 

where  k is  a propcrtionalitir  factor. 

Then  voltages  Do  and  0 are  ccipared,  as 
develcpeil  their  difference  AD  = U - Dg. 

Voltage  Atl,  as  this  follows  troa  exptessiens  (2.J1),  is  directly 
propcrticnal  to  a difference  ir  shortest  distances  Ig  and  in  J: 

(2.3  2).  (/—(«) -A- A/. 

This  i'^ans  that  it  is  proportional  to  the  linear  lateral  deflection  of 
aircraft  a1  fret  specified  track. 

Thus,  in  Bode/conditions  "SPP"  cosputer  develops  direct/constant 
voltage,  directly  prooortional  to  the  linear  lateral  deflection  of 
aircraft  fren  Assigned  Track  Line.  This  vcltage  is  supplied  to  the 
vertical  arrew/pc  inters  of  the  instruaents  cf  KFF  and  causes  their 


PAGE 


‘-1// 


nd  X are  converted  into 


J 


a result  of  which  is 


deviation  cf  value 


PAGE 


Pilot’s  froblea  with  the  dcivinc)  of  aircraft  in  any  rectilinear  I 


route  is  this  ccrtrol  of  it,  durinq  which  tie  vertical 


would  be  situated  in  the  center  { 


ri f leva n/qunners  cf  KPP'S  Instruaent 


of  etaly.  In  this  case  deTp""0  and  as  it  follows  frOB  e<|uati.OD  >’ 

fc 

(2.33),  aI  I 0,  i.c.,  the  aircraft  acvos  ever  specified  track.  f, 

f 

The  accuracy  of  the  driving  of  aircraft  in  the  predeter  lined 

) 

trajectory  in  the  audc/conditicns  cC  "SFF"  is  worse  than  into  rezhieazw 


"aziauth”  and  "orlit",  since  in  this  rode/cend itions  is  conducted 


tra  rstormticn  of  coordinates  by  computer  ard  to  the  errors  cf  systea 


avlded  the  error  of  ccaputaticn.  As  a whole  this  accuracy 


RSBN-2  i 


V ha r kater  izu yet sya  by  error  2.5  ka.  The  accuracy  of  the  driving  of 


aircraft  in  the  predeter Dined  trajectories  in  aode/conditions 


aziauth”  and  the  "orbit 


iqnalinq  cf  the  flight/span  of  the  aircraft  of  the  given  point  of 


In  aircraft  equipnent  of  PSBM-2  is  provided  the  signaling  cf  the  • 
torque/, re  vent  of  the  approach  cf  aircraft  to  the  given  point  of  space  t 


flight/span.  For  this  in  instruaontation  aref 


u»ili7®l  ’wc  ccDfarison  circuits,  connected  with  warning  lamp 


■S-15-76 

"iDcicich  to  2one"  and  the  "flight/span  of  2cnc”. 

Page  S&. 
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To  cciparison  c’.rcuits  are  supplied  the  actual  values  of  range  and 
iziaiith  frcia  the  range  anit  and  aeasuring  urit  of  aziauth  and  the 
ratr.l  values  cf  range  and  azinoth  frcm  the  selectors  of  rangeland 
orbit.  In  ccaparison  circuits  is  conducted  the  ccaparison  of  the 
tc*-ual  and  rated  values  of  range  and  aziautl  and  the 

foraation/eJuca* icn  of  differences  in  these  values:  Ar  = t - tj  and 
Ao  = a - Oj. 

Further  the  diagran  of  signaling  works  as  follows.  When  the 
absclutf!  value  cf  the  indicated  differences  in  each  comparisen  circuit 
si-au  It anecusl  V bccoaes  the  less  deternined  values,  it  occurs  the 
tra f a ty V 3 r e i cf  the  diagraa  of  signaling,  which  ignites  the 
appropriate  tuue.  The  threshold  values  at  which  wear/operates  the 
signaling,  ace  selected  different  for  two  cemparison  circuits  and 
♦her^forc  cn''  of  thej  it  provides  the  sigraling  of  approach  to  the 
given  pcirt,  hut  another  - the  signaling  cf  the  flight/span  cf  this 
point. 


Th^  diagram  of  thie  signaling  of  approach  provides  the  ignition  of 
warring  lasp  "approach  to  zone"  curing  satisfaction  of  the  fcllcwing 
con  1 i t io  r : 


Ac -8— 20  KM: 
Ao-2— 10*. 


The  (li.iqcaa  ot  the  signaling  of  the  flight/ipan  of  the  given  point 
causes  the  firing  of  warning  lamp  the  "f 1 iglt/span  of  zone"  with 

Ar  - 300—900  i«; 

Ao-0,3— 0^. 


05- 1S-7h 

I 


Thus,  aircraft  equipment  cf  system  presides  the  signaling  cf 
approach  anJ  flight/span  of  thi'  point  ct  space  (point  5 in  Fig-  2.1), 
polar  coordinates  of  which  are  assigned  on  the  selectors  of  azimuth 
and  orbit. 


flode/cond  it  ic  ns  cf  cloud  penetration  along  tte  predetermined 
t ra  Tt  ct  or  y . 

This  sode/cend itions  is  included  hy  tccgle  switch  on  the  ccntcol 
panel  of  navigator  and  is  realized  as  fellows  (Fig.  2.24). 


1 
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Faq€  S7. 


In  rango  unit  is  cstahlistcd/install* d the  prograaaed 
potentioBcter,  ccrnected  with  the  aeasuting  axis  of  range.  The  angle 
cf  rctaticn  of  tkf  wiper  for  this  reaecn  will  be  proportional  to 
distarce  fccD  aircraft  to  the  axinuth-rangi tg  beacon  of  systee.  Froi 
potentioaeter  is  remove/taken  direct/constart  voltage,  which  is 
certain  function  cf  tie  distance: 


(2.34).  U,~Hr). 

Iko  character  of  this  function  is  detecrined  by  the  torn  of  the 
progtannied  peten  t iometer  and  changes  depending  cn  aircraft  type,  bat 
always  the  functicn  during  a decrease  in  tte  distance  is  decreasing. 
Therefore  during  the  approach  cf  aircraft  tc  beacon  the  voltage, 
rraoved  frea  the  programed  potentioaeter , decreases.  For  the 
assigra'nt  of  lire  of  descent,  besides  the  pregranned  potent ioseter, 
is  utilized  also  harcnetric  altitude  seiiscr.  Frca  this  senscr  is 
r«*ac ve/t.iken  direct/constant  vcitage,  directly  proportional  to 
height/j  1 tit.iije  h (baronetric)  of  flight  ! 


(2. 


Uh  - *W. 


Th<?  siqnal  cf  direct  current  AU  is  son^icd  to  the  horizcntal 


arrc w/|)oi  ntet£  cf  the  instruaents  of  KPP  and  causes  their  deviaticn. 


3y  pilot’s  prcblea  in  this  acde/condiricns  is  this  aircraft  ccntrol  fcy! 

i 

chanqinq  in  order  that  the  hcrizontal  ri f Ic lan/gunners  of  instruaents  f, 


would  be  situated  in  the  center  of  the  scale.  In  this  case  a voltage 


difference  AtJ  = 0 and,  therefore. 


(2.  J1) . 


**  Uh. 


i 


After  substituting  into  the  last/lattcr  equation  of  the  value  of  the  i 


voltages  //^  and  U ^ froa  (2,34)  and  (2.3f),  let  us  find 


(2.  Id)  . 


ft 


hguation  (2.3P)  shows  that  when  using  e acde/conditions  of  cloud 
per.  e ♦ i.i  t ic  ri  the  flijl.t  altitude  aircraft  duiing  its 


'•5-15-76 

a^'pccach/approxif aticn  toward  kcacon  decreases  according  to  the  law, 

assierri  ty  tho  f lo'l^^aancd  potentiewete  i (Pig.  2.25).  Aircraft, 

t 

[ flyir'i  at  the  ccritant  heiqht/altitude  H|  , icaches  the  predeterained 

tra-jcctory  of  clcud  penetration  (ri£ lewan/gcnucr  of  instruient  it 
apptcacties  the  center  of  the  scale). 

I 

Page  Sit. 


When  Uoing  this  tcde/conditions  the  aircraft  during  further 
apprrach/apprcxiwation  tc  beacen  will  Icwer  according  to  the  law, 
assicned  hy  the  ptogramwed  potentioaeter . Cecrease  is  conducted  to 
ho igh t/a 1 t it ude  t50  a at  a distance  iu  ka  of  teacon,  whereupon 
aircraft  converts  itself  into  level  flight  *.  [fPOCTNOTE  • the 
cxanir'*d  ep'^rating  node  on  the  aircraft  cf  the  civil  aviation  is  not 
applied.  f 'inFOCTKOTRll. 


$ 
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Th?  landing  operating  lodc  of  aircraft  cgalpBent  is  included  by 
toggle  snitch  or.  th**  control  pacel  of  pilct  cither  by  the  svitch  of 
operating  codes  cr  the  control  panel  cf  pilct  ct  by  the  svitch  of 
operating  aedes  cr  the  ccntrcl  panel  of  navigator.  Aircraft  ‘ 

transiitter  SZO  and  receiver  decay  are  turec  to  cne  of  the  frequency- 
code  channels  of  the  landing  inctruaentat ior.  of  systea«  and  aircraft 
receiver  picks  up  signal  of  course  and  glide  beacons  KBH-4  and  cf 
GFn-u,  and  also  the  response  signals  of  tie  landing  relay  of  range 
findec.  ihe  indicated  signals  are  utilized  for  an  indication  on  tbe 
instrticents  ct  the  KPFH  cf  the  position  cf  aircraft  relative  to  tbe 
line  cf  g 1 id i rg/p lanning  in  borizcrtal  and  vertical  planes  and  on  the 
instrunents  cf  the  PPOA  of  distance  of  the  olide-path  beacon  on  vhicb 
is  placed  the  larding  relay  of  range  finder.  Tbe  signals  of  aziaoth- 
ranging  teacen  ir  this  operating  aede  as  aircraft  eguipaent  are  not 
received  and  therefore  the  data  on  aziautl  and  range  the  aircraft  of 
relatively  this  beacon  by  irstruaents  they  ire  not  represented. 

hor  the  assignaent  cf  the  line  of  gliding/planning  on  the 
earth/grcun!  are  establish/! nstallcd  the  Iccalizer  beacon  KHH-4  and 
glide-path  beacon  The  tasic  inforaaticn  about  these  beacons 

and  th*'ir  cfcratj*';*  principle  vas  exarir.ed  earlier  (see  Chapter  of  4 
sections  1).  Th  • -igtials  of  these  bcaccns  are  accepted  on  ycu 
S"iaclcte  by  receiver  decay,  they  are  amplilied  by  it,  are  detected  and 
after  thir  are  sipplied  to  unit  landings  (sec  Fig.  2.14). 

Pa  ge  Sd . 


1 


This  unit  ptocesEcs  the  signals  of  course  acd  glide  beacons,  i«e, 


sepiatate/ 1 ihera tee  the  ccntainicg  in  them  navigational  inforaation 
about  aircraft  attitude  relative  tc  the  line  of  glidinq/planning  the 


unit  c£  lar.iing  it  consists  of  two  channels  (Figs.  2.26),  one  of  which 


is  irtemled  fer  processing  the  signals  cf  Iccalizec  beacon,  and  bp 


another  is  intended  glide-path  Icacon.  Let  ts  eiaaine  of  one  of  these 


- .if  tM‘.i-  ■ -Ilf  - ra»<i  i M li  iT  ri-i  iifc~'’‘i''iiifi'  la’jaa  i^.;.W\;i(»i7i<rA-rniiiff'Vt  faii^jiaii^fcagaAiialrf^ 
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Fiq.  2.26.  Structure  of  tbe  unit  c£  landing. 


Key:  (1)  filter  1300  Hz.  (2)  rectifier.  (3)  fron  azia  channel 

decay.  i<i)  filter  2100  Hz.  (6)  rectifier.  (7)  filter  1300  Hz.  (8) 
rectifier.  (9)  froa  the  dal'n  cf  channel  decay.  (10)  coaparison 
circuit.  (11)  filter  2100  Hz.  (12)  rectifier. 


"■  '' 

. . -T-'-^  .'  • -i^  '‘ni^- ■■  r VwAsfc’  /.-r 


C«i-1«;_7#, 


?s< 


ti 

■5»f 


Siqnal  amplitude  onvplcpe  cf  localizer  teacon,  the  representing 
sequence  cf  the  rquare  pulses  c£  frequencie*  1300  and  2100  Hz,  fro* 


I* 


out  put/ Y i c 1(1  OPCh  of  the  aziautb  channel  cf  receiver  decay  is  supplied!'; 

fc’ 

simultanecusly  to  two  filters,  tuned  to  fiecuencies  1300  and  2100  H*.  ^2 

fe-‘ 

t? 

f: 


The  filter,  tuned  to  a frequency  1300  Hz,  separate/liberates  the 
fundasental  haracric  of  the  sequence  cf  tie  ■oaentua/iepulse/pulses 
this  frequency.  The  aaplitude  cf  sinusoidal  output  potential  of  this 
filter  directly  {loporticnal  the  siqnal  level,  eaitted  on  one  of  the 
radiation  patterns  of  localizer  teaccn.  It  the  cutput/yield  of  the 
filter,  tuned  to  a frequency  2 100  Hr,  is  separate/liberated  tbe  sine 
vol’-ace  vhese  acplitude  directly  piopcrticral  the  siqnal  level, 
oaitted  according  to  the  second  radiation  pattern  of  beacon. 

f: 

Eoth  sine  voltages  are  straight en/tec t i f icd,  as  a result  of  which*’* 
after  rectifiers  are  feraed  dircct/cc  nsta  nt  voltages  0(  and  0»,  which 
directly  ircpcrticral  to  the  values  of  the  signals,  transaitted  by  two^ 
radiation  patterns  of  localizer  beacon.  I' 


m 

N 
{’  • 

m 

i;v 
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Cirect/cc rs*art  \cltaqes  0,  and  0,  enter  cciparison  circuit  where  tbeyi.' 

i 

are  dcluctnl.  A voltage  difference  11,  - is  supplied  to  the 


vertical  ariow/pcinter  of  the  irstrusont  cf  IPFB.  As  it  follows  £rc« 
•■he  opt-vatinq  principle  of  the  localizer  le?ccn  of  KPB-h,  the  voltage 
litfef.'icf  II,  - n,  is  deternined  by  *^10  velic  of  the  angular 
d*fl«rtio'i  of  aircraft  from  the  plane  of  landing  pattern,  and  signal 


f 3 


JA,¥ 


fol.itity  U|  - U,  deppnds  on  the  side  c£  deflecticn.  For  this  reason 
the  vor*■.ic^l  irrcii/uointer  ot  instruarnts  KlIFl  will  show  value  and 
side  cf  the  deflection  ol  aircraft  frca  tie  line  of  qliding/planning 
in  hcrizcrtal  plane. 

‘Ihn  s'^ccrd  channel  of  the  unit  cf  landing  works  analogously,  aith^^ 

by  1 1 crly  difference,  that  tc  it  are  supplied  the  signals  of  the 

glide-path  heacon  of  GRN-U  fret  output/yicld  OPCh  of  the  ranging 

channel  cf  receiver  decay.  The  forned  voltage  difference  U|  - 0,  la  Hu 

this  chanr.ti,  which  is  deterained  by  value  end  the  side  of  the 

<}eflec*^icn  cf  aircraft  froa  glide  path  in  vertical  plane,  is  supplied 

♦c  tl"  hctincn.tal  a rtow/pointe r of  instruvents  KEPn.  In  connection 

with  this  the  horizontal  rif leaan/gunners  will  show  the  value  of 

a-pular  deflecticn  and  the  side  of  the  deflection  of  aircraft  froa  the 

line  cf  *j  1 id i n }/p la  nn inq  in  vertical  plane.  | 

information  about  distance  of  tcuchdown  point  (it  is  acre  J 

precis^  tc  the  print  ot  the  artanqeaent/per lutation  of  glide-path 

heaccr)  is  sr  pa  rate/ 1 iberated  cn  aircraft  in  landing  attitude  as  a ^ "'4] 

p?  'i 

rcjiilt  cf  werk  cf  pulse  ranging  syst^B  with  the  relay  retort  of  fc 

1 1 

signalrr.  Inquiring  signals  ate  forued  by  aircraft  equipaent,  and  h. 

1:3 

rtcirrocal  - by  the  landing  relay  cf  range  finder,  establish/installed:,  j 
i'’  glil’-path  beaccn.  The  principle  cf  ranging  on  aircraft  in  landing^  ^ 
»»ti*ijl-*  is  analcgous  to  the  principle  cf  ranging  in  navigational  j"  ^ 

nod  r/con  .1  i t ir  rs  (se*  Fig.  2.4)  with  that  difference,  that  instead  of  • ; 

th-*  rrji7  of  ♦fi*'  range  finder  of  azi  itu*’ h- r an  ging  radio  beacon  is  | ^ 

iitili?-!  •■h*  landing  relay  of  range  finder.  Structure  cf  this  relay  ' ^ 


o*  rani"  tin-lcr  t bt  same  as  navigaticral  teliy.  Difference  cnly  in 


the  characteristics  of  the  landing  relay  cf  the  range  finder  which 


provides  the  losEcr  range  (50  ki  at  heigh t/altitude  1000  ■)  ; therefore 

the  pcuci  cf  tespcnse  signals  is  also  less  than  in  azieuth-raugiag 

beacan.  Ihe  landing  relay  cf  range  finder  possesses  lesser  capacity 

(30  aircraft).  The  accuracy  of  rarging  landing  attitude  is  soseubat 

^ 1 

lever  than  in  navigational  aode/cond itiens  - it  is  /-250  s. 
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P/iqpS  101-132. 


^ 2. ft.  Cevolcpmcpt  of  a7iButh-canqinq  systca. 


PAGE^;^^ 


) ■* 


V 

'hy 


t 

f 

» 


». 


\ 


Az i noth -lan g inq  systen  FSBN-2  aftpr  having  eaerged  to  operation 
continii?a  to  be  iiprcved  cn  by  the  slcduyrshcbiacsnovnya  direction: 

- an  improvr Bent  in  the  character irt ics  ard  an  increase  in  the 
reliability  cf  vcik  of  ground-based  radio  tcaccns; 

- the  develc|Bent  of  the  sinplified  ground  beacons  for  the 
i nst t tmep ta» icn  cf  the  local  aerial  linos; 

- the  translaticn/conversicn  cf  aircraft  eguipcent  into 
ueaiccn  lector  devices; 

- in  incrcafe  in  the  reliability  of  vetk  of  aircraft  equipfent; 

- *le  expansion  of  tho  functions  of  thr  aircraft  equipment  by 
ajjreqa^icn  vith  ether  on-board  systens; 

- tif  de  ve  ic  I B'^nt  of  tho  simplilii?il  aircraft  equipaent  for  the 
lirciatt  cf  tho  Jeeal  aerial  lines. 

The  further  development  of  the  iriBU t h-ianginq  beacon  of  systea 


I 

t 

t: 


i 


^nDh-2  i th».  i'*'acon  cf  the  ty^i  of  rsP';-vs.  In  this  beacon  is 


provide-!  lOOo/o  redundancy  of  the  »ost  iit{crtant  equipaent,  is 
provided  ter  th»  possibility  of  work  to  e»tensicn  plan  position 
indicators  and  are  inproved  the  fundaoental  characteristics.  The 
simplified  blcck  diagram  of  the  beacen  cf  F2EH-4N  (without  spare 
equipient)  is  given  in  Fig.  2.27. 

The  eperating  principle  of  this  beacen  is  accurate  the  same  as 
♦lie  arisutl-rangirg  beacen  of  PSBN-2N.  Fcr  leasurement  on  the 
aircraft  cf  csnidistance  the  aircraft  eguipient  emits  inquiring 
signals.  These  signals  are  received  as  tbe  receiver  of  beacen  ?nd 
af^-er  a i p 1 i f ica  t icn  enter  decoder.  Decoded  with  decoder  signal  is 
supplioi  to  thi'  ercoder  of  the  ranging  chanrel  where  is  realized  the 
codirq  of  response  signal.  Reciprocal  code  enters  the  transmitter  of  f 
r.inoing  clannol,  vhich  consists  of  mcdulatci,  driver,  the  frequency 

Tultiplio:  and  pulse  high-frequency  cscillator.  Developed  by  this  ( 

« 

I 

transr.itter  high-frequency  response  signal  is  emitted  math  the  aid  of  ' 
the  f »n i 1 irecticnal  in  horizontal  plane  antenna.  This  same  I 

trarsjvittfr  is  utilized  for  the  evissior/raciaticn  of  signals  the  i 

r- 

•Mniird  of  indication”.  The  ceding  of  these  signals  is  realized  by  an* 
oncodrr  cf  rarjlrg  channel  during  the  supplying  to  it  from  the  drive  i 

t 

cf  tbe  r c tat icn/ If vol ut icn  of  the  natenry  cf  dvukhqradusnykh  | 

nr.  nt-i  m/ i IT  p u Ise/ p ulses.  I 

f 

bor  leisureirent  on  the  aircraft  of  aziruth  the  heactn  transmits  j 

i 

K 

azimuth  and  reference  signals.  These  sigrals  ate  generated  by  the  ^ 
iziT'itl.  tianraitter  which  consists  of  dti\er,  two  frequency  [ 

multipliers,  two  binh-frrguor.cy  oscillators  - pulse  and  continuous  andc 
t’-e  Tciulftttr,  crmocted  with  pulre  I'^neratcr.  I 


rA/j*y/r*0 
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Ji':.  2.27.  Clock  diagran  cf  the  radio  keacon  of  RSBN-4N. 


Key:  (1)  ccr.trcl  extension  receiver;  (2)  tie  revolving  change;  (3)  [a 

the  rctitci;  (4)  the  neter  of  passage  pcwer;  (5)  the  unit  of 
(’opi)s kovcgc  ccntrcl;  (6)  the  centre!  ef  rarce;  (7)  antenna  coanutator;^ 
(8)  » he  ccntrcl  cl  a7imuth;  (9)  the  decoder  and  the  encoder  cf  ranging;: 

charr.el;  (10)  continuous  oscillator;  (11)  pclse  generator;  (12)  the  ( 

panel  tor  r-^^cte  control;  (13)  oultiplier;  (14)  driver;  (15)  plan 
fositior  indicatcr;  (16)  the  encoder  of  aziiuth;  (17)  aodulator;  (18) 
receiver;  (19)  signals  a to  work;  (2P)  steering  ccaaands;  (21) 

n 

iijtc  vatic  rachine.  t 


r 
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Azinuth  siqnal  Is  genc'cated  by  continuous  cscillatoc  and  is  supplied 
to  the  azifuth  ditecticnal  antenna.  nofeierce  signals  ace  foca/shaped 
with  pulse  generator  and  transsit  to  the  ci ridirectional  antenna.  Foci 
the  ceding  of  reference  signals  is  utilized  the  encoder  of  the  aziaatJ^ 
channel  to  which  froB  the  rotatcr  cone  the  sequences  of 
Bomcn  tu  m/ impu  Ise/pulses  •*35"  and  "36”  during  the  rotation/re  wolation 
cf  azioiutl  artenra. 

7he  beacon  PS0N-4N  provides  the  transiissicn  of  signals  the 
"answcr/tesccrse  cf  indication"  to  extension  plan  position  indicator 
(VIKO).  signals  the  "answer/response  of  indication",  transaitted  by 


aircraft  equipment,  are  received  as  the  receptci  of  beacon.  Frca  the  ci 


out  pi’t/y  i € 1.1  cf  this  device  the  signals  are  supplied  to  the  deccdec  [ 

IKO  h 

ehete  they  are  decoded.  The  decoded  signals  approach  F**  for  the  ; 


foriration  of  the  mark  of  aircraft  and  tc  the  enceder  of  ranging  p 

n" 

charnel.  Here  signals  ate  coded  by  code  "relay  retort  of  indication". ‘J 
This  code  is  supplied  to  the  transmitter  cf  tanging  channel. 

!)evflcp''il  thus  signal  "relay  retort  of  indication"  is  emitted  by  the 


f 


antenna  cf  the  transmitter  of  channel  and  is  received  as  the  antenna  | 

\aK(y  I 

of  Vixn,  placed  to  KDP.  Then  this  signal  is  supplied  to  tww  for  the 


foriritior  cf  the  jack  of  aircraft  on  its  screen.  Furthermore,  as  the 


anfepni  of  VIKO  are  received  the  reference  signals  and  signals  the  J 

I 

t 

"d''iTani  cf  the  indications",  which  arc  necesrary  for  a formation  for  f 


tho  VIKO  cf  reference  grid  along  aziruth  anc  a range. 
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Pedccn  RSBN-UN  has  reaote  contrcl  frca  KCF.  For  a relaying  froa 
KDP  tc  ‘^he  beacor  of  control  signals  and  frca  teacon  to  the  KDP  of 
signals  alcut  work  of  beacon  is  utilized  the  egoipnent  for 
pack  i rg/sea 1 , which  Bakes  it  possible  to  transait  all  signals  on  two 
wires.  This  equipaent  provides  the  transaissicn  of  signals  to 
distarce  tc  30  ki. 

Basic  part  of  the  equipaert  - transn  it  tors , receivers, 
supervisety  equipaent,  decoder,  encoders,  tie  control  unit  of  drive  • 
has  lOOc/c  trserwe.  The  start  and  the  disccrnection  of  each  asseably 
can  be  conducted  fron  the  panel  for  distantsicnncgoupravleniya  cr  fees 
apparatus  beacon. 

t : 

Work  of  beacon  is  checked  by  the  supervisory  equipaent,  which  > 
consists  cf  ccntrcl  extension  receiver  and  the  units  of  the  control  of 
range  and  aziauth.  During  the  trarsirittal  ly  supervisory  equipaent  ' 
for  the  signal  of  "EnERGEBCY”  is  conducted  the  autoaatic  changeover  tci., 
snare  isscibly.  Supervisory  equipaent  is  also  the  unit  of  depuskovogo 
con^^rl,  irtended  for  delivery  to  tiie  panel  for  the  renote  ccntrol  of 

t t 

signal  "deterioration  in  the  parameters"  drting  a decrease  in  the 

> V 

piowrr  of  tiansnitters  lower  than  provided  by  technical  specifications 
level. 


Page  104. 


In  tbe  beaccr  of  PSCN-UN  is  improved  a series  of  characteristics.!- 
A hr  icon  it  has  S8  frequency-code  cbanrcls.  The  transmitters  of  radict-'; 

i 

h--accr  ire  ccns*ructed  according  to  the  piirciple  of  the  consecutive 


I 
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treijvcr.cy  lu  1 1 i p 1 ica t ion  and  arp lit icat  icr  c£  the  oscillations  of  the 
crystal  cscillatcrs  (drivers).  Thcrotore  tic  frequency  stability  of 
the  ciitpct  oscillations  of  transaittcrs  ccapletely  is  deterained  by 
quart2es.  r n receptors  for  the  a spli f ica t icn  of  high-frequency 
or.c  i 1 la*  i c rs  arc  tsed  the  travelling-wa ve  tebes.  The  applicaticn/use 
of  these  tunes  allowed  raised  the  reliability  of  work  of  beacon.  Its 
■ can  tise  of  the  itean  ti^e  between  failures  taking  into  account  spare 
jsseally  and  tecevery  tine  is  500  hours. 

hor  the  instruaentation  of  the  local  Iccal  aerial  lines  are 
(Irvelcped  the  sifflified  aziauth-ranging  leecons  "bean".  The  dual 
root-ioan-square  reasuring  errci  of  aziauth  cn  these  beacons  is  1.5*, 
while  dual  root- sean-square  eeasuring  errci  of  range  -300  a *0.03o/o 
of  rras'iied  distance.  Is  soaewhat  decreased  also  the  range  of  beacon, 
’'u  rt  herncre,  for  the  sake  of  siaplicity  in  the  beacon  the  reception  of 
the  iriuiring  sigrals  of  aircraft  equipaert  and  the  eaission/radiaticn 
of  response  signals  is  conducted  cr  the  directional  azimuth  antenna. 
Thus,  the  infermation  about  range  approaches  aircraft  not 
continuously,  but  discretely  into  those  pcirts  in  tiae  when  aziwuth 
ant  cm  IS  directed  toward  aircraft.  The  ise  cf  the  directicnal 
antenna  fer  the  ttansaission  of  the  signals  of  ranging  channel  lakes 
it  possible  tc  decrease  the  power  cf  the  ttarswitter  of  ranging 
charnel  u nd  the  sensitivity  cf  receptor,  which  leads  to  simplif icaticn 
in  the  be  icon.  ft  the  same  tiif  in  beacons  "beair"  is.  increased  the 


i 

f 

r 

; 

I 

h 

f 


i 


f 


finicunt  ot  t roo'ic  rcy-cod<»  charnels  ♦o  17f. 

installed  riMiptrtrt  of  the  type  of  RS3V-2# 


ir*’  d€v>lcfcd  inc  are  lelcased  ly  indi;H»r>  tho  new  typ^^s  of  aircraft 
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equirnont  cf  the  aziauth-canqinq  syatoa:  RSBN-2sa,  RSBH-P,  BSBM-PK. 
t.quijiiont  for  types  PSBN-2sa  and  for  PSBN-F  is  transient  aodification 
to  the  acre  advarcoed  instruaentation  of  types  BSBH-PK. 

Instrunentat ion  of  the  type  "RSEN  "differs  froa  equipaent  BSBH 
2s  in  teiMS  of  the  suppleaentary  unit  of  coupling  with  aircraft 
navigaticral  coaputer. 

Inst ruBontat ion  of  the  type  of  RSBN-F  includes  those  which  were 
executed  cn  election  tubes  aircraft  transiitter  the  SZD  and  aircraft 
receiver  decay,  which  entered  in  content  cf  equipaent  RSBII-26,  and  the 
new,  acce ipl ished/ca rried  out  cn  seaicond uctor  dewices,  aeasuring 
units  of  aziauth  and  range. 


Eaqe  105. 


In  these  uri^s  was  for  the  first  tiae  used  the  digital  aethod  of  the  | 
!t  ca  su  le-vc  nt  cf  azimuth  and  tance.  I nstruiertation  RSBN-P  has  a 
ccmmunication/ccrnection  with  navigational  ccaputer  for  trajectory 
corr<^ctlcn  and  with  autoaatic  contiol  systei  in  landing  operating 
aode.  In  nore  detail  indicated  special  f cature/peculiarities  will  be 
exaiined  ir  ccnnection  with  equipaent  for  the  type  of  RSBR-PK. 

The  instri'arntation  of  the  type  of  p*Eh-PK  provides  the 
r>ea sureaert  cf  slant  range  and  aziiruth  relative  to  ground  beacons  of 
the  typ-'  cf  RSBN-;s  and  PSBN-UN  the  delivery  cf  these  data  tc 
indicator  instruiicntE  and  into  digital  and  znalcg  type  on-board 
computers  tor  theii  correction.  Furtiicincte,  it  can  aeasure  the 
• n'jul.tr  'it  f Icct  iers  of  aircraft  frem  the  glisady,  assigned  with  the 
h.  arers  r.  f a 1 oad  i ng- s lope  landing  syrtet  cf  the  type  of  PR,iG-4,  and 
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1h'>  sinplitifil  block  diagcaa  cf  the  inttruientatioa  of  BSBI-PK  is 

given  in  Fig.  2.28.  Into  Its  cca{;csiticn  ectec  two  receiver  of  the  . 

ADPK,  united  by  the  unit  of  addition,  trarsiitter  SZD-P.  the  eeasariag 

BIO 

unit  and  final  adjustoent  of  Bset.  who  consists  cf  the  eeasuring  unit 

of  aziauth  and  range,  unit  of  ccuplirg  and  init  of  final  adjustsent, 

the  panel  cf  switching  the  charnels  of  the  ravigation  of  9PKII.  the 

panel  of  switching  the  channels  of  larding  the  digital  bearing 

li 

DOter  or  ftIA-1.  two  range  indicator  of  the  ladic  station  of  IDR-2. 

All  units  of  eguipaent  for  RSCN-FK  are  executed  on  seniccndnctoc 
devices  in  iricrcvcdule  perfornance.  Total  weight  of  assenbly  68  kg. 
The  aaouiit  ct  f r eguency-codc  channels  is  68.  Accuracy  of  the 
leasi lament  cf  azinuth  and  range  the  sane  as  in  instruaentat ion  asOI* 


The  operating  principle  of  the  instr ussntation  of  HSBH-PK 

consists  cf  the  following.  During  ranging  cn  aircraft  the  transaittei 

nZP-F  develops  the  high-frequency  coded  inquiring  signals. 

830 

synchionized  by  th?  trigger  pulses,  which  erter  froa  Bt t . The 
respense  signa’^  cf  ground  beacen  are  receiicd  as  the  receivers  of 
ACPK,  »hoy  are  amplified  by  then,  are  dcccded  and  are  supplied  to 
reantring  uni*  ard  final  adjustments.  This  unit  aeasures  the  time 
interval  Ictwcen  the  starting  and  reciptccaJ  nenent ua/1 apu Ise/pul se. 
For  tris  is  utilized  the  digital  mcasurirc  circuit,  which  switches  cn 
the  crystal  cscrillatot  of  measuring  me  me  n t u i/i  « p ulse/pulses  and  pulse 
coiir»€r.  Pulse  generator  develops  the  sequence  cf 


V' 
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lOBontuai/ ispu Jse/pulses  with  repetition  tiecaencf  1 Hhz.  one  period  S 
corr<’j ponds  150  • ot  range.  The  time  lag  cf  reciprocal 
acmentum/imp'ilse/pulse  is  measured  by  the  calculation  of  the  number  of: 

I 

Tcasuring  Bonentui/inpulse/pulses,  which  art  placed  in  the  time 

ir.tetval  cf  time  lag.  The  calculation  cf  tic  number  of 

monentum/impulse/pulses  is  realized  ty  a 12-bit  trigger  counter.  The 

■jettisonirg  of  this  counter  is  conducted  ty  trigger  pulse*  and  at  the 

torguc/mc sent  of  the  arrival  of  reciprccal  icmentoe/impulse/pDlse  the 

binary  cede  of  range  is  copied  from  counter  intc  memory  unit.  Then 

the  cole  cf  range  is  converted  intc  angular  value  by  converter  code  - 

voltage  - angle  and  is  issued  to  irdicatcr  instrument. 

Azimuth  determination  on  aircraft  is  ccnducted  by  the  measurementi 

of  the  tile  interval  between  the  scmentui/iipulse/pulse  of  northern 

jgrers'’nt  and  aziiuth  mocentum/impulse/pulsc.  Per  this  is  utilized 

610  ; 

digital  measuring  circuit  in  Biret . To  this  diagram  from  receivers 

enter  reference  pulses  [35]  and  [36]  and  aziiuth  l 

momeiitum/impulso/pulses.  Hcasuring  circuit  consists  of  two  counters  -i 

rough  and  pr“cise  and  pulse  generatcr.  Tc  icugh  counter  enter  , 

reference  pulses  [36]  and  the  sement um/im pulse/pulse  of  northern  i 

i 

igreea^nt,  manufactured  into  the  torque/ me i ent  cf  pulse  coincidence 
"35”  and  "35".  This  counter  is  duipcd'hy  tie  me lentum/impul se/pulse  i 
of  rctthrrn  agreerent  and  begins  tc  cempute  the  amount  of  | 

acBentum/ irpulse/pulsos  "36",  that  ate  placed  in  the  time  interval  of 
the  » ime  lag  cf  azimuth  momen  t u i/iir  pu  1 sc/ p u Ise  . 


i’age  107. 


CS- 


Tfiiis  th-»  rouah  counter  deteLBlnrs  the  vnlue  cf  aziauth  with  accuracy 


rht*  prccisicr  oeasureaent  cf  aziauth  is  realized  b>  a precise 
counter.  lo  this  counter  enter  the  aoaentui/iapulse/pulses  "36]  and 
the  signals  of  pulse  generator.  The  latter  is  started  by 
irc  le  r t'j s/ iip ulse/ pulses  "36"  and  develops  the  sequence  of  the 
jeasuting  acoentui/iapulse/pulscs,  the  repetition  period  of  uhich 
corresponds  tc  angle  of  0.02®,  The  jettiscting  cf  a precise  counter 
is  ccrductel  by  each  aoaentua/itpulse/pulse : ^36"  and  after  this 

counter  begins  to  compute  the  aicunt  cf  acasuring 
itociontu j/i»tulse/pulses,  which  are  placed  it  the  interval  between 
ctoarntu^t/ iirpulse/pulse  "36"  and  azimuth  ac  ic  nt  ui/ia  pulse/pulse.  Thus 
a precise  courter  aoasures  a precise  posititn  cf  aircraft  within 
<1«’S vati  jradus rogo  sector. 

After  the  reception  of  aziauth  acaentui/iapulse/pulse  the  j 

( * 

’’easurel  value  cf  aziauth  by  rcugh  and  precise  counters  is  copied  into^,'- 

I,  • 

< he  r yatnadtsatirazryadnoye  trigger  aeacty  init  in  the  fora  of  binary 

code.  Then  the  tinary  code  of  azituth  is  ccnvcrted  into  angular  value^v 

f.. 

with  th^  ji,3  cf  converter  code  - vcltage  - engle  and  is  supplied  to  1 
indxf.i*ci  instruient.  V 

• cjrK  cf  installed  eguipaent  of  ‘?S3S-FK  with  signal  conditioning  S 
♦he  "answer/res.pcrse  of  indication"  and  it  landing  attitude  they  in  nc  r 
w ly  differ  trcB  the  exaainod  furctiorirg  cf  instcuaentation  PSBN-2s,  ; 

Ih*  iTciscrirg  unit  and  final  adjustnent  has  a 
CO  1 SI!  n j 1 1 io  r/cc  r r.»c  t ion  with  cours-^  systes  and  the  system  of  the  air 


1 
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signals  fica  which  arc  supplied  the  valuer  cf  Baguotic  heading  and 
BICf 

airspeed.  In  Slut  is  conducted  the  deter ■ i raticn  radial  coaponent  of 
• 

airspeed  V,  (alcng  the  line,  which  connects  aircraft  and  beacon)  andf 
aziputh  constituting  (perperdlcular  radial  velocity  V',  ) airspeed  V, 
Indicated  velcclty  components  are  integrated  with  the  short-tera 
signal  fading  of  beacon,  providing  thereby  the  delivery  of  the  values 
cf  range  and  azisuth  in  this  case. 

OlO 

Ihe  signal  cf  course  is  utilized  also  in  Bi-ot  for  the 

computation  of  the  headinq/course  angle  of  the  radio  beacon  Radio 
Sta»^icn  Course  Angle  which  enters  for  an  Indication  to  the  icstruaents 
of  IKU-1. 

The  zeisured  by  the  instruaentation  cf  fSHN-PK  instantaneous 

values  of  aziauth  and  range  of  aircraft  ate  utilized  also  for  the  i 

correction  of  on-board  calculators.  Thetefcre  the  aeasuring  unit  and  ; 

final  adjistnent  has  a ccnnunicaticn/ccnnection  with  these  1 

calculators.  There  transait  the  aeasuted  values  of  aziauth  and  range.- 

Por  digital  calculator  these  values  enter  pclar  coordinate  systea,  f 

i 

while  to  analcg  they  enter  in  rectangular.  I 


Page  108. 


The  rec-jfsary  in  this  case  t rant  f Croat  ic  n cf  pclar  coordinates  into  , 

GIO 

rectangular  is  realized  in  Bie* . i 

! 

hguipir.?r.t  R'PN-PK  provides  with  couplirg  with  the  instr uaentation  i 

t 

cf  KtF8-''I-2  and  SDK-67  the  indication  of  aiimuth  and  range  relative  | 
t ■>  beacons  vrp  DRE,  and  also  the  ccrrrcticn  of  navigational  ccaputers. 


L g-^-  \:^f.rf--;:V.Vi^rfnr>;an.' ^ ^h^-lSha 
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In  this  caso  the  instru aentati cn  KUKS-lF-2  icasuces  the  aziiuth  to 

b<=>accn  VCR  DEE,  and  SDK-67  - range  thus  far  teaccn.  Coupling  is 

realized  ty  »eans  of  the  coaaunicaticn/conncct ion  of  the 

instrumentation  of  KURS-KP-2  and  transceiaci  of  SDK-67  with  the 

measuring  urit  and  final  adjcttrent  cf  eguiiaent  for  BSBH-PK.  From 

6X0 

the  measuring  device  of  Diet  * s range  to  tracsmitter  SDK-67  enter  the 
trigcrr  pulses.  Ihe  reciprocal  comentun/ispulse/pulses  of  ground 


y^A 


t -> 


1-^ 

w 


beacon  VOF  DHE,  delayed  for  a period,  pro|crticral  to  range,  free  the  i ; ' 

CIO  fjC 

receptor  cf  snK-67  enter  back  into  the  meascring  device  of  I'if, 


range,  providing  ranging.  The  measured  aziiuth  enters  from  the 

instrumentation  cf  KURS-np-2  in  analog  fora  through  selsyn 

tra rsttiss  ion.  The  values  of  azimuth  and  rarge  of  beacon  TOR  DUE  are 

17 

issix'd  to  the  indicator  instruments  of  ^IF-  1 and  IDB-2,  and  also  for 


V ^-V 


) 


the  correction  na zi va tsienn y kh  calculatcrs  along  those  channels 
themsclvei,  as  in  operating  mode  with  teacers  PSEN. 

Instrumentation  BSBN-PK  has  the  built-in  control.  Rith  pushing 
of  knob  '’control"  on  the  bearing  meters  and  range  must  the 
conservative  values  of  azimuth  181°  and  cf  range  291.6  km,  which 
‘estifios  to  the  rormal  operation  ct  measuring  devices. 

In  new  installed  equipment  of  aziaut h-tanqinq  system  (RSPH-P, 
7snN-fK)  there  is  no  mode/conditiors  zero  - driving  along  the 
predetermined  r a jectcries.  This  is  explaired  ty  the  fact  that  now 
this  fi:ncticn  performs  aircraft  computers.  The  problem  of  installed 
•■‘gu  i r me  n t S.TIi?;  ic  the  correction  of  these  cclculators,  for  which  from 
etiuiioreri*  Pnns'  tr  calculators  are  supplied  the  signals  of  ar.imuth  and 
r 1 ri  0 . 


u 
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cn*  cf  the  fazhnykh  dewelcfaent  trends  cf  installed  equipnent  of 
iz  iiT'ith- r anj  i nq  systes  is  an  ircreass  in  ths  reliability  of  its  work. 


Th«’  leliahility  cf  work  of  aircraft  equipsert  is  related  to  cne  of  itsfV’ 
lost  iaportant  characteristics,  which  significantly  shows  up  in  flighti.-i 
saffy.  Especially  important  value  acquires  the  reliability  cf  work 
cf  cn-board  radic  navigation  irstr umentat ic t when  it  is  utilized  as 
par»  cf  tie  autciatic  control  system  of  the  flight  of  aircraft. 

Page  10'-*. 


New  aircraft  equipment  of  azimuth-ranging  system  is  made  with  p 
sp  T ircti ! lie  tor  devices,  which,  it  is  natural,  raises  its  reliability.  • 
it  the  r.aae  tiac  this  instrumentation  is  fairly  cccplicated  and 
consists  cf  ♦he  large  number  of  radio  parts.  { ij.lidown  of  one 
ce  1 )/cle sent  leads  to  the  failure  cf  entile  instrumentation.  But  in  K 
mite  ot  the  application/use  of  highly  reli.sfclc  parts  ani' 

f 

c*-!  1 /plo » ent s the  general  reliability  of  cnc  assembly  of  [ 

instruaontation  cannot  be  obtaired  by  very  ligh  and  is  estimated  at 
*h»-  «en  ‘ine  of  ♦he  moan  time  totvec  n failures  cf  the  order  cf  j 

sovrral  hundreds  cf  hours.  | 

Ih  ? basic  method  of  an  increas.j  in  tie  reliability  of  radic 

r 

ojiiirir^nt  is  its  redundancy.  iilen  using  1C(c/c  cf  reserve  the  failure^ 
rrohibility  rt  ecLinirent  taking  into  accoirt  reserve  is  equal  tc  the  ^ 
s juaro  of  the  tiilure  probability  cf  enr  assembly  of  equipment.  Since  | 
•he  ‘ailure  fiotalili^y  of  one  assfjhly  ip  much  less  than  unity,  the  * 

k 

i 

i';dici*-f.l  dopcndcnco  leads  to  a ccrsidorallc  increase  in  the  f 
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reliability  of  the  reserved  instruaentaticn. 

^pt)l  ica t ion/use  lOOo/o  of  reserve  cf  aircraft  equipnent  leads  to 
increase  two  tires  of  weight  and  sjace  cf  ecuipaent.  It  is  earlier, 
when  cn  aircraft  was  applied  electron-tube  radio  equipaent^  to  atilize 
redundancy  virtually  was  not  represc-nted  possible  due  to  exaggerated 
size/diar nsic rs  and  the  weight  of  equipiert.  At  present  becanse  of 
change  tc  set  iccrductor  devices  and  a decrease  in  weight  and  overall 
sizes  of  radio  equipment  appeared  real  possibility  to  raise  the 
reliability  of  werk  of  aircraft  radio  eguipient  by  applying  spare 
asse  rll ios. 

For  an  increase  in  the  reliability  of  vork  cf  aircraft  equipaeot 
of  an  az i nut h-ra r gi ng  system  of  the  type  cf  BSEN-PK  on  large  aircraft 
(Tu-UjU,  lu-15g,  II.-62)  can  be  utilized  tie  djal  assembly  of  this 

r 

eguipnont.  In  this  case  in  the  cempositien  cf  aircraft  equipment  of  i 

systr'iD  nsFN  will  enter  two  trarsmitter  of  S2C-F,  two  receiver  of  ADPK  p' 

lilo 

and  two  oearcring  unit  and  final  adjustment  c£  Dmmt , In  this  case 
redundancy  it  is  possible  to  realize  as  fellows. 

F“ceptors  can  be  included  ty  the  diacrat  of  parallel  redundancy 
(parallel  ccrrection  with  the  addition  cf  video  outputs)  in  the  mannen 
that  this  is  made  in  the  inst r u sen t a t ion  cf  FSPN-PK  (see  Pig.  2.28). 

Tra  nsiiittois  and  measuring  units  it  cannot  le  switched  on  by  the 
diagram  cf  parallel  redundancy  because  cf  tie  ill  effect  of  spare 
lovirc  cii  lisic,  which  can  lead  to  the  dieiipticn  of  work  of 
iniitruinonta*- icn.  Therefore  such  devices  are  switched  on  by  the 
diigran  cf  reserved  replacement  value,  in  which  spare  device  is 
corriec^rd  tc  inst  ru“e  vra  e Ion  insteaii  cf  that  which  was  refused,  and 
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hp  lat*ci  is  J i Bccnncc  ted. 
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Ey  ttp  pcr.sitle  version  of  the  rv-duncaccy  c£  transaitters  and 
neasurinq  units  it  is  such.  Are  utilized  the  pairs  of  devices 
trar.£ti»ter  - aeasuring  unit.  During  the  aalfunction  of  transnitter 
or  zeasutinij  unit  are  disconnected  both  devices  and  instead  of  then  it 
is  ccrrocted  another  pair  transiitter  - BcaEoring  unit.  However,  note 
effective  is  the  poblochnoye  redundancy,  vten  with  the  failure  one 
device  (trarsaitter  cr  neasuring  unit)  instead  cf  it  is  connected 
inalccouE  snare  device.  In  this  case  the  general  reliability  of 
i nst  I U3i->n t at  ion  is  raised. 


‘ Z.'’.  Easic  infornation  about  foreign  azivut  h-ranging 
radir-r.a  v igat  ion  systews. 


Etancird  azimuth-ranging  system  in  tpe  countries,  which  enter  tbe^ 


int>’i  rat  icna  1 organization  of  the  civil  aviiticn,  is  considered  systenlf 


VO?  r*'',  that  is  the  totality  c£  cirnirargc  VCR  and  ranging  systen  the 


D^F  whosf  relay  is  establishcd/insta  1 led  at  the  same  radio  navigaticn  i* 
foint,  )s  t-.he  radio  beacen  is  VCR.  In  the  l£A  and  the  countries  of 


'•p-st'^in  Europe  wide  d is t r ibu t i cr  obtained  also  azimuth-ranging  systen  ^ 

TAMyV  H 

•>3jsJ3>,  .‘iiS'iring  the  higher  accuracy  of  the  veasurement  of  azimuth  and 


ranee,  eiir  syr. tri  VOF  D(1F. 


tarav 

i7i  !"ijth-ian.iing  radio-ravigat  icn  system  in  the  fern  of  L 


Tr.e 


the  utilize.l  for  navigational  scasurenf-nt  £ [acaoeters  of  signal  is 
fa? c-timr/toTforary  systpn.  Let  us  exasire  the  operating  principle  of 
this  system.  f a? c- t i me/ tern por a t y azimuth-ranging  system  (Fig.  2.29) 
it  censintE  c£  g r cund-ba sed  radio  beacon  and  the  aircraft 
receiving-transmitting  and  instrumentation.  The  system  provides 
measuLoment  ca  the  aircraft  of  distance  of  the  pcint  of  the 
arranceaent/per mutation  cf  ground-based  radic  beacon  and  azimuth  of 
aircraft  relative  to  the  meridian  of  this  pcint.  The  indicated 
coordinates  are  determinzd  on  aircraft  by  processing  the  response 
signals  cf  greund  beacon,  and  also  its  supplementary  signals. 

Inquiring  signals  are  generated  by  aircraft  transmitter  and  ace 
the  pulse  coded  high-frequency  sigrals.  These  signals  ace  emitted  by  f 
♦he  transBitting  antenna  and  are  received  cn  the  earth/ground  as  the 
antenna  of  beacon.  After  amplification  by  ground-based  receiver  they 
enter  the  transmitter  of  the  beacon  which  ferm/shapes  the  coded 
high-frequency  response  signals. 
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After  entering  tc  the  antenna  ot  beacen,  response  signals  are  emitted 
into  space  and  .are  propagated  tc  aircraft. 

The  rece iv i rg- tr a nsmi t t i ng  antenna  of  beacen  is  directed  in 
horizcntal  plane.  The  radiaticn  pattern  cf  this  antenna  (Fig.  2.39) 
has  rin.*  lug/lobes  40°  wide,  but  with  the  different  values  of  the 
iraxiTum;  cf  luj/lctes.  This  radiation  pattern  can  be  considered  as 
imoosi^ici  on  *'ach  other  of  twe  radiaticn  patterns.  one  of  these 
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The  law  ct  lodulaticn  of  the  aiplitudc  of  the  taken 
noaen  tuRi/iipulstvfulses  is  deteiained  by  tkc  foca  of  the  antcr.na 
cadiaticn  pattern  of  beacon  and  by  the  velocity  of  its 
lotatinn/cevc luticn.  Going  arcond  the  sequences  of  the 
■oDentun/iepalse/pulses,  accepted  by  aircraft,  has  coeplex  fora  and  is 
the  SUB  of  t«c  orcillaticns  15  and  135  Hz  frequency. 


HT/Sl-76-(65S 
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Co  aiound  frequencies  15  U?  arose  due  1o  a change  in  the  value  cf 
the  raxiiurs  cf  the  lug/lobes  cf  the  antern2  radiation  pattern  of 
beacon  .icccrding  to  the  lav.  stevn  in  Fig.  ty  2.30  dotted  lines.  ' 

nince  this  diagraa  has  one  naxiaua,  in  one  turn  the  anplitude  of  the  ' 
taken  mot ent u «/i » fulse/pulses  vill  one  tiie  reach  the  greatest  valae. 

I 

This  scans  that  geing  arcund  nciontui/inpulfe/pulses  will  change  eitb 
nastotoy  15  H7.  Except  cne  greatest  value.  In  one  turn  the  aeplitnde  j 
of  the  taken  ao Be ntu B/io pulsc/pulses  will  nine  tines  reach  the  saxinna 
values  because  the  antenna  radiation  pattern  of  beacon  has  nine 
luq/lcbcs.  For  each  second  the  taken  sigral  135  tiaes  reaches 
Baxi«u!i,  vhich  testifies  to  a change  in  the  anplitude  of  reciprccal 
i»o»e  rtuB/ impulsc/pulses  135  !!2  freguency. 

oaqe  113. 

Feciprocal  t cne ntun/inpulse/pulsos  are  anplified  on  aircraft  by 
receiver  and  enter  after  this  into  the  neastring  units  of  range  and 
iriauth.  The  measuring  unit  of  range  autc natica lly  neasures  the  tine 
lag  ft  rrcipiccal  mcrenttB/i«pulse/pulses  vith  respect  to  the 
tor  lue/n'c s»’n t of  the  emission/radiat icn  of  inquiring  signals  fron 
aircraft.  This  tim-*  lag  is  directly  ptcpcrticnal  to  slant  range  free 
aircraft  tc  the  ground  beacon: 


c 


V 

_ t 

PKGB  il 


i 

m 


Th<=‘  rcasurcd  time  lag  reschityvaetsy  a in  unity  of  range,  which  isf 

e 

representtd  by  the  instrument  cf  rangr.  In  erder  that  on  the  result  ^ 
of  tanging  would  not  have  an  effect  the  ref[cnce  signals,  caused  by 
the  deaardf  cf  ether  aircraft,  in  the  Bcasuiing  unit  of  range  were  ^ 
accepted  the  leasures  in  order  that  tc  seartting  circuit  would  enter 
thr  cnly  their  reciprocal  momcntuw/inifulsc/f ulses,  which  differ  froe 
Strang™  reciprocal  Boaentuw/iiipulse/pulsef  in  terns  of  the  fact  that 
they  are  ryrchrcncus  with  interrogation  pulses,  i.e.,  appear  in  each 
repetiticr  period  at  just  one  place. 

Ihe  leasuring  unit  of  azinuth  autcnatically  aeasures  the  aziaoth  ^ 
of  aircraft  relative  to  the  necidian  of  tte  place  of  the 

arranqement/pcr mutat ion  cf  grourd-tased  radio  beacon.  The  BeasaceaeDt< 

i' 

of  a7imii*h  is  based  on  the  dependence  of  the  initial  envelope  phase 
sequercos  moment ur/iopulse/p ulses  on  the  azisuth  of  aircraft.  If 

♦ 

aircraft  is  located  on  certain  azinuth  a,  tien  the  taken 

momont'ini/ impulse/pulses  will  achieve/reach  thei  greatest  value  through  . 

14 

time  lag  /.  with  respect  to  the  tornue/ »c « en t cf  the  passage  of 
northern  directicn  by  the  greatest  luq/lcte  cf  the  antenna  radiation 


pattern  ct  beacon.  This  is  ccnnect<-d  with  the  fact  that  to  radiaticn  < J 


cattern  it  is  necessary  to  turn  itself  tc  angle  a,  before  the  the 

i 

greatest  lug/lobc  will  be  oriented  toward  aircraft.  In  this  case  the  i 
timelaiiscqual  1 


r-^ 


f. 


a 
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whrrr  U = P.*K  - the  angular  rate  of  rctaticr  of  the  digraasy  of 
liccrtivity; 

f’-'IS  i/c  - the  docunt  of  trins  per  unit  tiie. 

The  initial  envelope  phase  frequency  If  Hz  is  equal  to  5^— 

As  i*  shcfcs  The  last/latter  equation,  the  iritial  envelope  phase 
freoucncy  IS  Hz  is  equal  to  the  aziauth  of  aircraft.  It  changes  by 
160®  durirg  a charge  in  the  azivuth  to  the  samt  value,  i.e.,  to  each 
doqrte  of  a change  in  the  phase  corresperds  cne  degree  of  a change  in 
the  azimuth  ct  aircraft. 


P.i  ge  1 1 u . 


The  initial  envelope  phase  frequency  135  Hz  changes  nine  tiaes 
taster.  It  changes  by  360®  during  a chance  in  the  aziauth  tc  hO®, 


i."*.,  ”0  th*’  angle  between  two  adjacent  lug/lcbes  of  radiaticn 
natt'-rn.  Each  degree  of  a chance  in  the  initial  envelope  phase 


l/'i 


K 1}  r this  reason 


tr«guency  135  Hz  corresponds  a change  in  the  aziauth  to  angle  only 

^n— ^nr  the  ifievwd  frequency  135  Hz  the 

i:ziiruth  cm  he  ucasured  more  accurately  than  An  eh*  gaiag  arcuad  f 
trenuenev  IS  hz.  A+  ^ 

•«  pajifUa.  ^ n iS~  n~u. 

T Th’  noire  r.t  u »/i  m pulse/pulsor , which  entered  froa  receiver  tc  the 


t>'i£i)irric  unit  of  azimuth, 
‘ r •■'O'rer.c  i c £ 15  trd  135  Hz. 
t a-’  colt!'!  .ircind  Eerutncfs 


are  rupplitd  tc  two  filters,  tuned  tc 
Ry  these  fil»ei£  are  se para te/ 1 i ter  at ed 
of  tie  me t u n / i n p u 1 so/ pul ses  of  the 


t ■" 


f i 


■i 

f-s 

f-'-i 

^ "i'i 


MJ 

l: 


ht  iccr  ri  f:ecuonri'»s  is  ,jnd  135  Hz.  Ecr  tit  measurement  of  aziauth 


C5-1S-7f. 


PAG*  ^ 

jrj 

it  is  necessary  tc  determine  the  initial  phases  cf  these  osci llstions.  f- 


For  the  Beasureeent  of  the  initial  phate  of  signal  it  is 


necessary  tc  fix  the  2eco  time  reference  khicb  must  be  connected  mith 


the  detersined  positions  of  the  antenna  radiation  pattern  of  beacon. 

For  this  purpose  to  aircraft  from  ground  tcacon  transmit  the  reference^;^ 
signals.  •, 


Ihe  fermatien  of  reference  signals  on  ccacon  is  conducted  as 
follcws.  On  the  axis  of  the  rctat ion/re»c Itticn  of  antenna  ate  tvo 
rings,  on  one  of  hhich  is  established/installed  one  contact,  while  on 
the  second  - nine  evenly  arrangcd/located  ficm  circumference  coDtacts.| 
with  the  lings  are  connected  two  slip  ring,  on  which  during  the 
rotat ion/revo luticn  of  antenna  appear  the  scientun/inpulse/pclses. 
During  ere  slip  ting  will  be  fetmed  the  sequence  of 

Bomentu m/ iapu Ise/pulses  15  Hz  frequency  (1  tcmcntum/impulse/pulse  in 
each  turn  cf  antenna),  while  cn  another  is  termed  the  sequence  cf 


no  DP  r tu  s/ ioi  pu  Ise/ pulses  135  Hz  frequency  (S  momenta  m/im  pulse/pulses  in!^ 


each  turn  of  anterna).  Rings  aie  oriented  cn  the  axis  of  the 


r ct  a ion/ CP  VC  luticn  of  antenna  fo  that  the  iCBentua/iBpulse/pQlses  of 


frequency  15  Hz  ate  ferm/shaped  into  these  pcints  in  time  when  p^st 
»hp  nerthetn  direction  it  passes  the  greatest  lug/lobe  of  radiation 

pattern.  The  me Bentum/impulse/pulses  of  frequency  135  Hz  aopeat  when  i 

I.,' 

toward  north  arc  directed  the  laxirums  cf  each  lug/lobe  of  radiation 


pattern.  The  exaiincd  mcmen t um/impu 1 se/p u 1 ses  are  utilized  as 
ouepert i no/ref^rorco  (Fig.  2.31c). 

Rpfetcnca  pulses  transmit  to  aircraft  the  information  about  the 


zero  tine  refererce  during  the  leasuresont  cf  the  initial  envelope 
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phase  fr^'qu'^ncy  IS  Hz.  The  reference  ocacntua/iapulse/pulses  of 
freqnrncy  1J5  Hz  are  utilized  cn  aircraft  dtring  the  ■easureneot  of 
the  initial  crvelcpe  phase  frequency  115  Hz. 

In  order  that  on  the  aircraft  reference  pulses  it  was  possible  to 
separate/ liberate  froa  the  teci|rocal,  they  are  coded  by  another  code. 

Page  11  S . 

Furthrraor€f  the  codes  of  the  reference  pulses  cf  frequencies  15  and 
135  Hz  are  distinguished  between  theiselves,  which  aalces  it  possible 
to  divide  cn  aircraft  these  signals.  The  ceding  of  reference  signals 
is  ccnductcJ  in  the  oscillator  cf  reference  signals,  whereupen  they 
with  the  ail  cf  ccaaon/general/totai  transzitter  are  emitted  to 
aircraft  at  th®  frequency  of  response  sigrals. 

Th-a  leasurirg  unit  of  aziauth  has  twe  channel  ro u</^  and 
preciro,  which  consecutively  uerh  in  the  search  nodes  and  tracking. 
First  in  search  »cde  is  switched  cn  the  rough  channel,  which  aeasures 
the  initial  envelope  phase  frequency  15  Hz.  As  a result  of  this 
unaabijiiousl  y is  determined  the  azimuth  of  aircraft,  but  with  lew 
iccuiacv.  On  ccifletion  of  search  aede  a u t c a at ical ly  is  switched  cn 
the  sc.le/ccnd  i»  iens  of  the  tracking  in  which  weeks  a precise  channel. 
This  channel  cearcres  the  initial  envrlrpe  (base  frequency  135  Hz  and 
■iccoidinq  to  it  accurately  is  detornined  the  aziauth  of  aircraft. 

Th**  special  fci  t ur  e/pecu  1 ia  rit  V or  tie  exaiined  tazo- 
‘ i r f /»->’ii  f cr  1 1 y a z inu  t h- ranqi  nq  syr.*<  r is  tit  fact  that  in  it  cne  and 
the  rin->  tulse  slgrirls  are  utilized  »wiir.*  - for  the  measureaent  of 


PAGE 


listancp  ami  iir>.isur»?i*pnt  of  azinuth.  Use  ir  the  aziauth  pact  of  the 


ystea  of  pulse 


Itjnals  has  an  a'lvantaqe  in  ccipacison  with  the  use  of 


continuoic  signals.  With  pulse  signals  ccnriderably  descends  the 
effect  of  the  ground  features  cr  the  accuracy  of  the  aeasuceaents  of 


aziauth,  the  propagation  tine  cf  signals  frca  which  differs  froa  the 


propagaticn  time  cf  the  forward  signals  cf  tcaccn  by  the  value, 
icea^er  than  pulse  duration.  with  this  straight  line  and  re-enitted 


signals  they  are  not  superinposed  one  on  tcp  of  the  other,  but  they 
follcw  each  ether  (Fig.  2.32).  The  value  cf  the  forward  signal  is 


ronsideratly  sore  than  re-enitted  one.  Ir  receptor  on  aircraft  is 


utilize!  the  autccatic  gain  control,  which  works  at  peak  signal,  nhichk'i 


supp;resses  weak  signals 
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Therefore  envelcje  phase  forward  signals  in  practice  does  not  depend  I 
t n such  re-ei issiens.  During  centinuous  ee issiur/r adiat ion  would  take| 
place  the  a-lditicr.  of  straight  line  and  re-cfitted  signals  and  the  I 
[hasc  of  the  resulting  oscillation  it  would  differ  froa  the  phase  of  I 
forward  sirnal,  which  would  lead  to  leasciirg  error. 

Syst  I "Tacan”  works  in  VEf  range  at  frequencies  960-1215  nhz. 

Its  ranie  is  restricted  to  line-of-sight  distance  and  tberefero  systee 
it  is  utilized  as  systee  of  short-range  navigation.  The  ■azisua  range 
of  action  is  360  kn  at  flight  altitude  lO^CCC  ■.  The  dual 
root-vean-E guare  neasuring  errer  of  range  is  approzieately  0.2  ailes.  n 

i. 

The  accuracy  cf  the  measutenen t of  aziautf  is  sufficiently  high.  -S 

Curing  the  ar  ranqenent/perButaticn  of  tcaccr  in  favorable  locality  the  i: 
dual  root -s”a n-sc uare  measuring  error  of  azimuth  is  approxiaately 
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! 4 t*  ■«TTi|i!i  Itanie.  NAVIGATICN  SYfItrS. 


II 


•<  1.1. 


n^ral  irtoraation. 


05-1^-76  P*GE^  . 

Cif f crenti.il  ranging  ra dio-navigation  systens  ceceired  wide 
accffi'^cc  during  the  last/lattcr  three  dcczdes.  The  operating 
rf»gicns  cf  these  systeas  cover/coat  the  large  part  of  the  dry  land  and 
the  ccm  iileratle  part  of  the  water  surface,  but  in  blizhyshiye  years, 
apparently,  by  then  will  be  overlapped  entire  terrestial  globe. 

The  advantages  of  the  differential  ranging  FNS: 

- the  Icr.g  range  of  action; 

- high  accuracy; 

- the  urliaited  capacity; 

- the  reli.'tive  simplicity  of  installed  equipment  they  become 
esprciilly  ncticeable  during  the  sclution  cf  the  problems  of  remote 
air  and  oarine  navigation. 

For  prcwidirq  a long  range  of  action  tiese  systems  work  cn  the 
niidle,  Icng  and  very  long  waves  cf  SDV.  Mien  using  radio  waves  the 
snv  cf  range,  tie  conditicns  of  propagaticn  cf  which  are  most 
lavcrablc,  the  range  RNS  can  reach  30CC-1(^0C0  ke,  also,  in  order  above 
cur  planet  *c  create  continuous  navigaticral  field,  it  will  be 
rsauired  a total  cf  8-10  ground  stations. 

Scientific  principles  and  the  principles  cf  the  taboty  cf 
differential  ranging  systems  were  developed  by  our  Soviet  scientists 
under  the  larage  ment/itanual  of  acadevicia  rs  L.  I.  Handelstam  and  N.  D. 
rapaleksi  in  perlcd  cf  1930-  19<40.  The  materials  of  these 
i n ve  E t i -j  a t ions  widely  were  published  in  periodicals,  and  the  most 
i'npcrtnt  roEultr  were  shielded  by  authcr'E  certificates  in  1933 
("rhase  picn*-").  On  this  principle  in  the  Seviet  Onion  they  created 
the  d it  f <■  rent  ia  1 tanging  systeir  of  " Koor  d i n a to  v"  with  continucus 
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radic-wave  orissicn,  in  which  the  ■easucewcrtf  c£  a difference  in  the 
distarc'’?  w«re  realized  by  the  aeasuresent  cf  a phase  difference. 
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Later  w.is  developed  the  nore  advancecd  radic  engineering  systea  of  the 
high  accuracy  of  FSVT-1. 

In  Frglard  cn  the  same  principle  in  1S«H4  was  developed  the  systcat' 
"sounding  board",  which  ebtaintd  piopagaticr  aainly  in  Hestern  Europe 
and  the  nerthern  Atlantic  where  it  works  vote  than  20  ground  stations. 
The  sys^’cr  "scunding  board"  works  at  frequercies  70-150  kHr.  and 
provides  range  under  the  daytime  conditions  a»,'ve  the  sea  to  90  0 ka, 
but  at  night  rance  decreases  tc  500  k*  due  to  decrease  in  the  accuracy^ 
under  the  effect  cf  sky  waves.  The  accurec)  of  position  finding 
depends  cii  distance  and  directicn  and  vary  within  the  range  cf  several 
dozens  tc  several  hundreds  of  meters.  t 

r. 

In  the  eSA  during  many  years  are  carried  cut  research  works  and 
it  is  develop/prccessed  system  "omega"  at  very  lew  frequencies  in  the 

t 

rance  10-14  khz  with  the  distances  between  ground  stations  tc  i' 

50CC-t000  km.  The  calculations  and  experimental  data  show  that  the  i. 

fj 

potential  accuracy  of  position  finding  under  daytime  conditions  at 

A I 

fiaxixum  distarces  is  characterized  by  the  mean  square  error  cf  the  P 
ordrnofcnokilciietor. 

flong  with  creation  and  introduction  into  the  practice  cf  phase  : 


Ji  f f c r •••  II  t i a 1 ranging  systems  the  continuous  emission/radiat  icn  are 
levelcp-'d  and  widely  will  be  utilized  systeis  with  pulse 
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t‘misFion/13  liat  icr.  In  such  systcDS  »he  diff(>cencc  in  the  distances 

ir.  .1rtorBin»’d  by  the  neafureaent  of  a tint  dificcence  the  reception  cf 

the  signals,  cbtained  aboard  tie  aircraft  ften  ttio  ground-based  radio 

navicaticn  prints.  Therefore  then  they  call  tiie/tenporar y. 

cn«  cf  the  first  systens  cf  this  type  kas  the  created  in  the  OSA 

in  1942  systoa  Ictan  (Long  range  naviqaticn),  subsequently  obtained 

L,  c 

lesigraticn  4ccar-A.  Pulse  differential  raeging  systen  foran-A  works 

at  frequencies  1750-1SS0  kHz  by  conentus/iapulse/pulses  by  duration  *0 

MS,  which  aakes  it  possible  to  separately  accept  aboard  signals  free 

iround  stations  cr  surface  and  sky  waves.  kith  the  reception  of 

ground  waves  by  day  the  range  above  the  sea  reaches  1100-140C  kn,  aa 

rbnve  the  dry  lard  in  connecticr  with  an  increase  in  the  attenuation 

range  it  decreases  to  40C-600  kt.  At  night  range  decreases  1.5-2 

*-i*es  due  tc  an  increase  in  the  level  of  atiospherics  on  this 

frequency  band.  The  error  in  deter ainat ic n ct  place  fron 

izieytr.hcl  iitr ya  data  is  obtained  abou*-  C.fc/c  fren  distance. 

Page  110. 


wh**n  usini  sky  waves  at  night  the  range  cf  systen  can  reach  250C  ■, 

but  *-ho  accuracy  cf  position  finding  descends  approzinately  2 tikes. 

A*  present  ir  all  wcrld  it  is  counted  icre  than  60  working 
■itaticna  Lcran-A,  ar  ran  ge/locat  c d , mainly,  in  the  USA,  in  Canada, 

Japar  and  W-'s»ecn  Europe,  in  the  ate  ts  cf  the  vest  lively  navigation 
ar,  I flijftn  of  aviation,  bur  installed  pqci[ient  is 

cst  ihl  ish/insti  1 led  on  tho  aircraft  of  all  airline.?,  which  operate  the 
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Mt  icml  dnd  doaestic  airlines. 

At  the  sane  time  frcn  the  preceding  infcriation  it  is  evident 


that  the  tasic  irdices  of  syster  Lcran-A:  the  accuracy  and  the  range 

to  a gre.it  degree  depend  on  a change  in  the  conditions  of  the 

radicwave  propagation  ot  working  range,  of  tine  of  days  and  character 

% 

of  the  underlying  surface.  In  connection  with  this  in  the  USA  into 
iqa(j-45  wore  initiated  works  on  the  use  of  lower  frequencies  for  the 
creation  of  the  pulse  differential  ranging  systens  which  continued 
about  15  years.  As  a result  of  these  works  is  created  the  systen 
loran-loran-S,  which  works  in  the  range  of  frequencies  90-110  kKx,  to 
a considerahle  degree  free  troa  the  indicated  previously 
de f ic iencv/lacks.  Analogous  works  were  carried  cut,  also,  in  the 


Soviet  Union,  which  made  it  possible  to  create  the  at  first  radio 
engineering  system  of  long-range  navigation  of  the  type  of  RSDN,  and 
then  on  its  principle  to  develop  new,  more  advanceed.  In  systens  of 
the  type  l-rvn  1-nn  - are  applied  the  ccihined  deterninat ions  of  a 
difference  ir  the-  distances.  The  preliainaiy  rough  deterainaticn  of 
this  difference  is  realized  ty  the  measurefent  of  a tine  difference 
the  reception  of  two  signals,  which  enter  frcn  ground  stations,  and 
then  is  carried  cut  its  precise  dotervinaticr  ky  the  oeasurenent  of  a 
phase  difference.  Therefore  such  systems  are  related  to  that  which 
was  ccvbircl  fazc-time/teBiporary  type  systeis,  which  make  it  possible 
♦o  rft^ir  a difference  in.  the  distances  u r a ibiguous  ly , also,  with  high 
nrec  ision . 


Fulsinj  rakes  it  possible  to  divide  the  reception  of  the  surface 
.ind  sky  wiv^s  which  arrive  into  the  pcir.t  of  reception  with  different 
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li’j.  uhf^n  using  ground  waves  in  the  d2;tiBe  above  the  sea  the 
range  of  such  systcas,  which  have  the  radiated  fewer  on  the  etder  of 
100  ky,  teaches  2500  kn.  At  night  range  descends  to  1800  ka.  Daring 
propagiticn  above  the  dry  land  the  range  decreases  approziaately  on 
400  kic.  Accuracy  of  position  finding  - cc  the  order  of  300  m,  and  at 
aaxizuB  ranges  - about  1000  a. 

It  is  possible  to  utilize  for  navigaticnal  aeasureaents  also  sky 
waves  on  ranges  to  3300  ka,  besides  the  periods  of  rise  and  sunset, 
but  in  this  case  accuracy  descends  approziaately  10  tines. 


Page  120- 

Cperate  thevselves  at  present  about  30  ground  stations  of  systen 
l-oran-Lor jn-S.  In  connection  with  the  positive  results  of  the 
operation  of  new  systea  now  ace  carried  out  the  aodif ications  of 
ground  stations  bcran-A  by  the  setting  up  or  thea  of  the  supplenentaryijT^ 
t rarsri  t ters,  which  work  at  frequencies  1 acazr-  Lcran-S.  In  this  case  j? 

AS  I 

is  fctae<l  transient  systea  Loran-*oe’,  that  works  at  two  frequencies 


with  its  Euhse'juent  translation/conversior  ccapletely  into 
BO'le/conil  it  ic  rs  l-eM-n-Uoran-S. 

The  irpettant  advantage  of  low- f roquency  systeas  is  the  fact  t hat 
the  radic  waves  of  these  ranges  during  propagation  above  the  sea 
s'lf  f icient  1 V deeply  penetrate  the  sea  water,  which  Bakes  it  possible 
for  ur-ler  »a*<’c  ships  to  obtain  rav  igat  icnal  information  with  higd 
•iccuracy  without  flc.itina  to  surface. 

Fro»  s'j r ve y /cov“ ta g c it  is  ovi  It'nn  that  operate  theaselves  at 


1 


PAGE  W 

»)rf*s«=r*-  t>'e  <Jit  fetFntial  ranging  systcas  cf  three  basic  types: 

1.  fhas€  fKS  with  ccntinocus  esissicn/tadiation. 

2.  1 i"i«-/te!«forary  FNS  with  pulse  ec is r ion/cad iation. 

3.  tazc-tiwc/teaporary  BAS. 

Tiie  cp«ratina  principles  cf  these  systcas  ace  exasined  in  the 
subseciiont  paragraphs  of  the  present  chapter. 


J.2.  Cperating  principles  of  phase  dif teie.-itial  ranging  systeas. 


for  the  creation  of  phase  differential  ’•anging  systea  at  two 


(oints  serpress  surfaces  of  A and  E ^stahl  ish/install  the  transaitting 
radio  stations  witt-  the  ncndirecticna  1 ccrtir.ucus  eaission/radiatioa 
cf  f igh- £ t a ^nency  oscillations  (Fig.  3.1a).  The  distance  between 

I 

iro'.ina  stiticns  call  base,  is  sclectfd  several  dozen  tines  aoce 

♦ he  w?w«lrngth  of  the  emitted  esc  il  la  t ic  r s . Each  of  the  ground  j 

sra*icns  creat-»s  in  space  electroaagnet ic  field  *a  and  : ? 


- Eam  cos  + Toa)‘* 

e,  •-  EBmCOi(»j  4-  To#)* 


wh'^ro  £4,  r ml  £,„  are  aaplitudes  of  electric  intensity; 


A and 


the  carrier  frequencies  of  the  eaitted 


r::c  i 1 la  t i c ns  : 


ind  ^OB  - the  initial  plasrs  cf  these  oscillations. 

Tr  1 ns  B i t ».e  rs  in  points  A and  P work  strictly  in  concord  between 


thesp-lv's 


t!iat  during  entire  op-''rating  tiae  is  provided  the 
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equality  c£  carrier  frequencies  and  Initial  phases: 


(3.2)  . 


To- 


Paqe  121. 


For  this  purpcse  cn  qround  stations  are  establish/installed  the 
special  natchinq  devices. 

Fret  radio  crglneering  ace  known  the  fcllowlog  relationships: 

L.  - 2wf,  where  f is  known  csclllaticn  frequency; 

t = 1/T,  where  T is  known  the  oscillatcry  period  of  oscillations; 
X =c1r  where  c is  known  velocity  of  ptepagation  a X is  a 


wavelengt  h. 

tience  w = 2»c/X. 

It  ir  knewn  also  that  in  the  process  of  radiowave  propagation  at 
t ho  final  voiccity  occurs  the  phase  lag;  dtting  propagation  up  to  tke 
■listarce,  equal  tc  wavelength  X the  phase  of  oscillations  delays  on 
2w,  and  during  propagation  to  distance,  equal  r,  the  phase  of 
oso i 1 lit  i ens  delays  to  value  a ahich  is  located  iron  the  relaticnship: 


wlionce  we  obtain  the  value  of  the  phase  lag  cf  oscillations  at  the 
propaejat  icn ; 


t 


r. 


(i.3') 
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Pi  <1  «=  122. 

Let.  cs  visu^lizo  that  at  point  C,  which  is  located  at  a distance  '‘a 
fro»  stjticn  A ard  at  a distance  r,  free  feint  B,  is  conducted  the 
neeption  cf  the  oscillations,  enitted  by  stations  A and  B. 

Th<^n  the  phases  of  the  adopted  oscillations  will  be: 


(3.<4)  . 


T4  = -t-  f o - — 

t 1 2« 


phisc  difference  of  the  taken  oscillaticns  will  coipose  the  walae: 


(3.5)  - 


» = f 4 - T. 


t 


Thus,  is  establ  Ish/installed  the  ccarut icat lon/connecticn  between 
a phase  ciftcrerce  of  *Jie  oscillations,  taken  at  point  C,  and  a 
iiffct<?rco  in  the  distances  fg  and  , fassed  by  radio  waves  fren 

‘he  qiourd  r*^aricrs  A and  B.  A phase  difference  ♦ becane  the  carrier 
rt  nav  i I ional  data.  If  we  ate  rove  ourselves  on  plane,  retaining  by 


i 


cons’^.in’’  th-»  D.’asuted  phase  difference  <t  - const,  then  in  this  case  a 
li  t t >Tr'  iov  in  the  distances  cf  point  A and  E will  bo  retained  also 
CO n .s ♦ an —const^a  *be  line  of  equal  differences  in  the  distances  ‘ 
rn  flin^  to  two  i ccor  d/f  i xed  pcints  or.  this  plctkosti  (foci)  will  be  , 


hvrftlcla. 


PAGE 


Ey  afslrjnin9  the  different  value  of  a fhase  difference*  it  Is 


possiHe  to  construct  the  faoily  of  hypeilclas  relative  to  foci  A and 


This  vill  be  the  faaily  of  lines  of  (ofiticc  in  the  foca  of  the 

V 

lines  of  equal  differences  in  the  distances  LEFE*  formed  the  pair  c£ 
the  qiound  stations  A and  B cn  the  plane  of  earth. 


Shsli  to  evaiine  space  above  this  plane  in  the  detecained 


altitude  range,  tlen  to  ccndit  ion 


constmill  correspond  tbe  faaily 

' - I 

of  the  surfaces  of  the  positiccs  each  of  mhicb  is  foraed  by  tbe  { 

rotation/revcluticn  of  hyperbola  around  fcasc  line  ^am  (fi9«  3.1b).  { 


For  using  the  formed  family  of  lines  cf  position  aboard  of  flight 
vehicle  it  is  necessary  to  have  the  receptee,  capable  to  separately 
pick  up  signal  of  two  continuously  radiating  ground  stations*  and  tbe 
■easuring  device*  suitable  for  the  aeasuroment  of  a phase  difference 


of  tFc  taken  cscillations 


If  beth  ground  stations  ate  ccntinucusly  emit  the  fluctuations  of 


identicjl  fregurncy,  then  these  signals  slcrhatsya  in  space*  form  one 
total  fluctuaticr  and  the  separate  reception  of  stations  A and  B it 


will  te  physically  nezovmozhen.  Per  previding  a possibility  of 


separate  rerepticr  f cr  the  ground  statiens  I and  B it  is  necessary  to 


work  at  different  frequencies  and 


which  are  located  in  the 


ra’icral  (integral)  relationship 
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■/ 


tfherf  n and  ■ arf  integprs. 

h 

Accr{.ted  ahoard  the  signals  of  the  gicurd  stations  A and  B enter 
♦he  ajprcfiiate  ftequeccy  channels  of  the  receptor,  tuned  to 

I 

frequencies  •a  and  % . After  amplification  is  conducted  the  • 

mu  1 * i p I ic a tic n of  these  frequencies  by  n and  b,  as  a result  of  wh  ch  1 - 
both  fluctuations  are  led  tc  standard  frequency: 

Then  both  fluctuations  of  already  identical  frequency  (standard  1’^ 
frequency  “o-  1 supplied  tc  eeasuring  the  equipaent/deeice*-  *'  ■ 

phas€ir''tei  where  is  conducted  the  measureier.t  of  a phase  difference, 
is  d^'tereined  the  corresponding  to  it  difference  in  the  distances  and 

I 

is  fcunl  the  line  of  position  cf  flight  veficle  in  the  torn  cf  the  r.r 
lire  cf  erual  differences  in  the  distances  IBBE. 

This  (c t hod  cf  the  separation  of  the  signals  of  ground  stations 
is  culled  frequency  (frequency  selection). 

»■  • 

For  this  putposc  it  is  possible  to  use  the  rethod  of  tiae  sharing' 
signals  (time  seiecticn).  In  this  case  tie  ground  stations  A and  B,  ; ’ 

working  at  identical  frequencies,  send  their  signals  in  the  fora  of 
qro’ipf  cut  of  5-6  Boaentum/inpulse/puls*  s , ferming  one  or  the  other 

' ■ 

code  comt  init icn,  appropriated  to  each  station.  Utilizing  cede  t 

siq  n/cr  i t »t  ia  of  th<»  onitted  signals  (nuihei  of  ; 

aoir<'‘ r tu  e/ i B f n Ise/ [ ul  ses,  their  duration,  tine  intervals  between  thcB),^ 

t 

ro;5sill“  tc  divide  the  signals  cf  the  ground  stations  A and  E in.  terisj-'-iJ 
cf  the  ippropriatr  cliannels  of  cn-hoard  rcceptcr,  then  to  stretch 
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Page  125. 


If  this  point  is  eoved  alo-g  the  perpendicular,  restored/red need  fre* 
the  Biddle  of  base,  then  in  all  points  cf  this  perpendicular  a 
difference  ir.  the  distances  and  a phase  difference  will  be  identical 
and  eaual  tc  zerc. 

D 

Ke  will  now  eove  point  4 along  tase  towards  station  A.  tith  this 
will  change  value  x and  the  cccrected  with  it  value  #.  Let  a phase 
difference  achieve  value  2r,  and  the  corresponding  to  this  value  value 
X will  beecTe  equal  to  x.  • On  the  lasis  (3.8)  we  will  obtain: 


a a difference  in  the  distances 


(3.  10) 


Through  the  obtained  pcirt  on  base  passes  tie  hyperbola,  all  points  cf 
wJ ich  have  an  idertical  difference  ir  the  distances,  equal  tc 
waveKni^h  A,  anr  a difference  cncc  2 *. 

t'lrirg  fur'her  shift  to  the  si  1»  or  steticn  A will  be  initiated 
the  fccoimI  cycle  cl  a change  ir  the  (hast  difference.  Through  the  cut 
will  h«  tcir.d  »hr  point  cn  the  iasc  (ast  which  passes  the  hyperbola 
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Mith  a difference  i.i  the  distances  2X  and  a phase  difference  4»,  the 
hyperbola  3X  and  f*  etc.  Whole  space  between  stations  will  tc  divided 
by  these  lines  into  a series  of  bands  (the  "phase  path/tracks")  whose 
width  on  fase  is  equal  to  the  half  of  wavclcrgth,  and  with  distance 
this  width  will  qiow/rise.  Within  each  phase  path/track  during  a 
chance  in  the  difference  !•  the  distances  the  aeasured  phase 
difference  czvenyaetsya  fro*  zero  to  36C®,  and  upon  transition  to 
another  path/track,  the  readings  will  be  repeated,  will  appear  the 
lebiquity  (miltitcraity)  of  reading.  The  nuaber  of  such  path/tracks 
rn  base  d will  be  equal  to: 


(3.11) 


fach  measured  value  of  a phase  difference  within  each  path/track  ^ 
will  correspend  the  hyperbole  trace  ct  pcsiticn  - LBRR.  However,  the  ) 

t 

number  of  these  lines  depends  cn  the  accuracy  cf  oeasureaent s.  '' 


KT/ST-76-(6S9 


Page  liS  ccn*-. 
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Tf  trci  tho  center  of  base  construct  circle  with  radius  of  r > d/2« 
then  th-»  branches  of  hyperbolas  will  cross  it  in  2N  places,  on  the 
averaco  throuqh 


360  360  _ 

~2?r^  2-10000 


that  it  shows  to  the  high  accuracy  which  car  te  obtained  froe  phase 
type  differential  ranging  systeis. 

let  us  estirate  the  accuracy  of  the  deteraination  of  lines  of 
position  in  these  systens.  For  this  putpese  let  us  differentiate  both 
farts  of  expressicn  (3.6); 


let  cs  pass  tc  the  finite  increients 


(3-14) 


Value  A*  represents  by  itself  tie  leasuring  errer  of  a phase 
difference,  while  value  Ar  - the  caused  ly  this  leasuring  errer  of  a 
Hfferer.ee  in  tho  distances-  Araloious  relationship  will  be  also 
hrtkern  the  root  iear.  square  values  of  these  errors: 
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(3.15)  . 


®r“  2* 


As  a cosuit  will  be  deterainod  the  ecconecus  hyperbola,  displaced  to 
r»>latlwely  true  cn  the  linear  value  « (see  fig.  3.2),  which  is 
deteroined  frea  the  fcraula: 


(3.16) 


2..ni 


where  y ie  an  argle  of  base  at  foint-  C,  where  are  conducted  these 
detervinatiens.  . . 

Page  127. 

Substituting  here  values  frea  (-.15),  we  obtain 


(i. 17) 


4»8ln- 


or 


(3.  17a) 


U’ 


720  sin -i- 


Froffl  ♦iii»sp  fcrr.'jlas  in  visible  the  dependence  cf  accuracy  on  range  as 


C*-,-  Ti-Tf 


a result  cf  the  divergence  of  hyperbclas.  Curing  distance  free  base, 
the  jrgle  y decreases  and  the  linear  bias  cf  hyperbcla  increases.  The 
highest  accuracy  is  obtained  on  the  base  uhete  y = 180®  and 


(1.18) 


(1.  ISa) 


bach  df'gree  of  the  error  ir  aeastireiient  of  a phase  difference  j 
causes  ♦■be  error  in  the  detera ination  of  lire  cf  position  of  base 

I 

volichir.cyu  1/720  wavelengths.  Wow  let  us  exanine  the  dependence  of 

I 

accuracy  cn  direction  during  large  distances  fren  base,  when  distance 
r d (fi"^.  3.3).  Under  these  cenditiors  the  branch  of  hyperbola 

differs  littl®  ficp  straight  line  - the  assiaptety,  angular  position 
cf  which  is  characterized  by  angle  a.  The  directions  of  radiowave 
profagiticn  ftoBi  ground  stations  into  the  [tint  of  reception  we  will 
consider  at p r cxi ■ at^i y parallel,  then  a difference  in  the  distances  is 
e-ju  a I to; 


(3.  10)  . 


t,  — = (/  sin  ». 


r 
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C'^-T=-76 


P»GE 
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Di  f f er^^nt  iat  i rg  the  last/latter  expression  %€  find; 


2«-^ 


J-CO»« 


Passing  ever  to  the  finite  iocreaents,  ve  eftain 


(3,22) 


n e 

2«  -y  COX  a 


Ttie  ldst/lat*er  fcraula  shows  the  value  of  the  angular  displaceient  o£i 

\ 

hypcrtola  Av  (it  is  acre  precise  than  the  assiaptoty  to  it)  with  the 

«rrci  in  veascreisnt s of  a phase  difference  A‘.  Analogous  j 

! 

relationship  will  occur  also  between  ♦he  rcct  Bean  square  values  of 
these  er  t cr s : 


(3.21) 


2«  -j-  cos* 
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(3.24) 


2«-j-co*i 


Figuie  3.4  gives  tvo  cnrves,  that  Shan  the  dependence  of  the 

^ V * f • . • 

angular  displaceocnt  of  hyperbcla  frcn  their  angular  position 

for  the  tases  of  different  relative  length.  . 
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Ab  car  be  seen  fccm  foriulas  (3.23)  and  (3.2U),  and  also  fros  the 
cucve/gra^hs  cf  Fig.  3.4  phase  differential  ranging  systeas  have  the 
highest  accuracy  about  standard  to  the  aiddle  cf  base,  equal  to 


(3-25) 


or 


(1.26)  . 


?*•  the  relative  length  of  tase  d/X  = 1C  and  the  with  error  of 
phase  meascreBents  phase  cycle  (3.6®)  the  angular 

d ir.p  lacoBent  cf  hyperbola  will  coopose  the  value: 


Purinj  d“tl--’ction  fcca  standard,  the  accuracy  cf  the  deterairation  of 
lines  of  fcsiticn  decreases  and,  when  angle  o bccoaes  equal  to  60®, 
•'rrci  increases  dcuble.  A further  incteare  in  the  angle  will  cause 
♦•he  rapid  ircteasc  ol  eicoi;  therefore  sreter  eithin  liaits  cf  ♦ 60® 


/ 
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fro*  standard  it  is  accepted  to  considui  wciker,  but  sector 


iO^  ii  nrt  r PcoirTfndcd  tc  use  due  to  j rapid  decay  in  the  accuracy 


Since  in  the  ooeratina  pciiiciple  of  phase  ENS  is  laid  the 


uhicuirv  in  reading,  it  is  necessary  tc  take  special  Measures  for  its 


PACE 


K‘'y:  (1)  tht?  sfctor  of  high  accuracy;  (2)  the  sector  of  the 


Icwe  ici/r<  (iuccd  accuracy 


CtKmop  Sueomou 
mtvMcemu 


Ctumep 

mavxecmu 


i 


r 


( ) 
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?he  fazieat  irethcd  of  unequivocal  ob«-aininq  lines  of  position  in  phase&^ 

systems  is  the  calculation  of  the  ruirtor  cf  cotplete  phase  cycles. 

For  this  jeascring  device  is  supplied  vith  the  counter  with  the  aid  of  *,*1 

i 

which  is  teccr.led  the  nuaber  of  phase  path/tiacks,  passed  by  aircraft  , 


in  the  piccees  of  flight  enroute,  and  therefore  at  any  point  in  tiae 
is  krewn  the  rutnher  of  the  phase  path/track  cn  which  is  located  the 


>1 


aircraft.  Fcr  the  eliaination  cf  anbiguity  in  reading  with  use  by 
systcff  is  r-^quired  the  initial  joining  of  aircraft  indicators  to 
locality  and  the  subsequent  continuous  tracking  the  nuaber  of  ccaplete  ' 
phase  cvcles,  which  requires  the  provisicr  fcr  a continuity  in  the 
work  cf  j icund-based  and  installed  eiiui|.ntnt. 

In  cider  to  elininate  the  need  fcr  tie  initial  joining  and  to 

raise  the  reliability  of  obtaiting  ureguitccal  reading  for  phase 

systoBS,  besides  precise  grids  cf  lines  cf  position,  are  created  also  v 

f 

coarse  grids  with  phase  path/tracks  ("by  the  zeres")  whose  width  is 
greater  than  cf  precise  20-30  tiaes  (Fig.  3.6).  First  is  conductn  the 
scasiieT.ert  c£  a phase  difference  accoidinq  to  the  rough  scale  ” 

which  it  lakes  it  possible  to  deternine  the  nuiber  of  the  phase  >; 

cath/traik  cf  a precise  grid,  and  then  they  teasure  Vro^a  * 

according  to  pr'^cision  dial,  which  inakes  it  possible  to  unaabig uousl  y • 
and  accurately  ilctcraino  pho  lire  ct  poriticn.  The  det era ination  of 
tho  resit  ion  ct  the  phase  path/track  cf  ccatse  grid  can  be  executed 
with  1 1 ,iid  cf  ether  nears  for  roiuh  oiicntaticn. 
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, until  rcw,  ke  spoke  about  the  irethods  of  obtaining  the  line  of 

losition  iith  the  aid  of  the  pair  of  gtcund  stations.  For  deterniningf 

the  pcHiticn  c£  aircratt  it  is  necessary  tc  have  two  cross  lines,  that 

it  if  pofEiblt  tc  eitaure  with  the  aid  of  tve  pairs  of  ground  stations 

<1.7),  of  g‘»rerat  lices  tso  basss  A|B|  and  AjEj*  Such  t¥o  bases  can  be^ 

» 

I ■ 

forteii  by  three  ground  stations  because  of  the  association  of  stations^ 
and  into  tie  single  station  A.  Ther  fair  AB|  creates  the  faailyi 
cf  lires  cf  fcsiticn  on  lase  dj,  and  pair  Af^  - respectively  cn  base  ^ 
*tf.  The  ccir.t  of  intersection  of  two  lines  c£  position  of  LP|  and  l.P»  |. 

i* 

will  giv«-  the  position  of  aircratt.  The  accuracy  of  position  finding  j 
will  denerd  cr  the  accuracy  of  the  deteis ination  of  the  lines  of  t 

fosition  «!  and  vj  and  of  the  value  of  the  angle  of  their  intersection- 


PACE 


th<>  i rt-*rsoction  drgle  of  the  lines  of  position  cf  LP|  aDifi, 


Value  t cha tact ciizes  the  radius  oi  a circle,  the  probabilitr  of 


the  dst  ?t  I i rat  i c r of  aircraft  within  iihich  I = 0.63*0.68.  Errors 


ami  Of  ate  calculated  frrm  foriulas  (3.17)  cr  (3.17a) 
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!•  3.  « icund-based  and  aircraft  pquipircnt  of  phase  differential 


r a n rj  in  3 


I'^t  t3  nximirc  the  most  widely  accepted  in  Western  Europe  phase 


(iff  stent  ial  ranointj  system  "soundinT  board",  which  works  on  the 


principle  cf  the  phase  probe  of  fland-’istam-papaleksi.  In  this  system 


is  applied  the  method  of  the  frequency  selection  of  received  sicnals 


ini  th''  a £ asurement  of  a phase  difference  tley  are  carried  out  cn  high 


frer.ue  ncy 


qiourd  equipment  of  system  ''scundirg  board”  consists  of 


hre£,  in)  scsetiires  four  in  ccncord  werJiing  ground  stations  cne  of 


which  is  called  driving,  and  tie  cthois  liy  ctiven.  flaster  station 


operating  oede,  and  each  slave  station 


asngns  ctiimc 


vatcScj  »)£  me  l‘*/v:oniIttiTms  of  its  work  witl  that  which  drive  or. 


aso  of  the  enitted  fluctiiaticns 


I.*t  IE  '■ximiro  the  system  cf  tnre 


gtcind  stations,  presented  in 


Kig.  i.M,  consist  in  j of  master  staticn  A and  two  slave  stations  .e^nd 


PAGE 


f\,  1 h*'  c.iiri'’r  1 to-r iicnc los  ot  all  .^taticns  related 


as  integers 


utsequectly  kith  the  aiiJ  cf  multipliers  and  frequency 


iv i df r 


tc  lead  the*  to  overall  standard  frequencies: 


(.dir  of  the  stations  AV,  arrange/ Iccated  on  base  d|  , during 


cirt  oceraticr.  ferms  the  family  (grid)  of  lines  of  position  uhose 


where 


r.iimler  is  vlttermired 


fame  1 M 


OCpn^OOOB 

rpafMne-undu 


lepedami 


iOp 


npeodpaso- 

j bomeAh 
ivoc/»y<?mA/ 


*0dpQ30 


SameMk 

*tPcmombt 


\f^pUtt4HUt{ 


\npUfMHW 


BedoAtof*. 

CfrfaHu,ud 


dfioMOf 

cmoHi^un^ 


Sfdymap 

cmoHpi,ufi 
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fA^ 

Th-»  pair  of  tho  stations  cf  a f roo^/ located  on  banc  ic  r 

A 

joint  cperaticn  they  give  their  fairily  c£  lines  cf  position  depending 

^ a _ O 

on  relaticn  3 where  = — . 

A ^ a ^ *"<ia 

On  aircraft  with  the  aid  of  reception  indicator  device  are 
ffeaEured  fhasc  differences; 


<3.  Ji)  . 


2«  , . 

— '■a): 

^c\ 

2*  , . 

?i  ^ (^4  ^^)- 


•i- 

A and  to  rlavc  station^.  Dlcck  diagraa  cf  slave  station  to  {.rivedere 
in  Kic.  3.').  The  1 1 uct uaticns  cf  tra.s»‘'r  Eteticn  at  frequency  ir^ 


From  the  cttained  values  of  pnase  differences  are  deterained  the  lines 
cf  pcsiticn  from  tho  first  and  second  semsystva  LP|  and  LP^,  vhile 
from  »heni  the  fcsition  of  aircraft.  It  is  necessary  in  this  case  to 
ernnh-isizo  that  the  faailies  lincy  position  cn  the  first  and  second 
lasrs  are  assigned  to  scale  of  standard  frequencies  and 

although  ac*-ually  the  em  ission/rad  ia  t ion  anc  the  reception  of  signals 
in  syst-^*!?  it  is  realized  at  frequencies  and 

Pa  j e 1 3 4 . 

Lt  » v:;  exarine  tho  rethod  of  the  synchicnization  of  work  of  ; 

1 

grournl  stiticrs  c n an  example  of  tho  joint  eperation  of  master  statren  1 


.•i? 

•i 


S D 


CB- 


page;!^^  ic- 


rrcoivnii  .intaima  A,,  they  are  arplifiec  and  enter  two  charnels:  r 

the  chanrcl  of  the  f creation  cf  the  fnitttd  f 1 cctuations,  which  serves 

for  Tho  aqtooitent  ct  frequencies  CO  and  o).  and  the  channel  cf  the  ' 

^ o 

tunii.q  of  phase,  intended  far  the  aqteoment  cf  the  phases  of  the  | 

f 1 11  c t ua  t i c ns , eititted  as  the  leading  and  sieve  stations.  I.; 

t ' 

In  the  channel  of  fornaticn  the  fceqcercy  is  divided  into 

^ ~n 

tli“n  it  is  irultiplied  twice  by  Kxam  and  is  supplied  to  the  transaitteC: 
cf  slave  station,  which  emits  its  flnctuaticrs  into  space  through  the  ' 
antenna  Ap  at  frecuency  6)^ 

These  fluctuations  are  received  as  antenna  As,  are  amplified  and  - 

enter  channel  the  tuni‘'js  of  the  phase  where  the  frequency  is  | 

•nultipiied  py  01  and  apprcaches  phase  di sc t i i i cat cr.  There  ate  ^ 

supplir!  to  the  fluctuations,  accepted  frcir  the  master  station,  > 

pre- cul t i p lie d hy  n.  As  a result  for  the  iilet  cf  phase  discriminator 

enter  t wc  signal  witli  identical  standard  frequency  5 in  phase  t 

liset  iminatci  is  conducted  the  comparisen  of  phases  and  is  developed 

the  «^iior  sional,  which  through  the  ccnticl  affects  the  phase  of  the 

flurtuatiens  cf  the  t ran  Emitter  of  slave  staticn  until  the  error 

signal  bcccmos  equal  to  sero.  FesrdeF  the  automatic  tuning  cf  the  ^ 

phase  of  i 1 1 ve  £*aticn,  is  provided  also  its  manual  tuning  and  cortrcl 

with  th'  aid  cf  reference  monitcr.  ^ The  block  diagram  of  T 

• 

install  »d  e piiriiert  is  given  in  Fig.  3.10.  The  signals  of  all  three 
uounvl  statiens  are  accepted  tc  one  antenna  and  are  divided  intc  three- 
chinntlo.  After  amplif icat ion  those  rignalr  ate  supplied  to  frequency 

fit 

ni  1 ♦ i p 1 i ' IE . After  the  frequerry  o u It  i p1  i < e t i cn  of  the  pair  iM'  ti'i  c 


and  "t  1 r f ahtextur  'wo  f luct  uat  ionr  it  standard  frequency  while 


•An 
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arter  the  frequency  multiplication  of  the  pair  of  s by 

m and  \ are  form/shaned  two  fluctuations  on  standard 

♦•repuency  (3.31) . These  pairs  of  fluctuations  are 

supplied  to  two  phase-measurln»  devices,  the  obtained 

designation  decometers.  Intended  for  the  measurement  of  a 

phase  difference  ^ and  , The  results  of  measurements 

are  represented  on  the  appropriate  dial  Instruments.  The 

accuracy  of  the  measurement  of  a phase  difference  with  the 

aid  of  decometers  Is  character6zed  by  root-mean-square 
el 

erroi^the  order  of  1/100  phase  cycles. 

In  system  "soundlnK  board",  for  example,  can  be  uti- 
lized the  follovrlng  set  of  frequencies: 

//si  xHt  j 4 " ' 


I 


Ml.  rioc)c  diagrao  cf  slave  station  with  frequency  channel 


tho  charnel  ot  the  terwatien  cf  the  emitted  fluctuatiecs 


(2)  manual  phase  control.  (3)  aoYlifier.  |h)  frequency  divider  to 

7^  “fG  _ — _ 

(S)  fr'qufncy  multipliers  'rTl  (^)  frequency  aultiplier  « 1^/7 


Aa^a^  ^phupoSoMUM  4/j>fyvaeM6/x  /to^fSanuu 


4^^u/ne^b 
MO  n% 


\ycuAufne/it 


ipoSf*^fpeA% 


UAU 


uenu 


\yCi/^umf4 


9Qcmcm^ 


WCf^ombt 
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Fi'j.  3.10,  Clock  diaqran  cf  the  on-loatd  reception  indicat'-r 
levice  cf  j-hase  fystem  with  frequency  charnel  separation. 


Key:  (1)  cutput  circuits.  (2)  amplifier.  (3)  frequency  multiplier 

(4)  phase  discriiinator.  (5)  phase  inverter  90°.  (6)  indicator. 


'■/I  racmemv 
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cn- 15-76 


PAGE  «•:, 

Page  137. 

Por  cltairing  the  first  standard  frequency  the  frequency  of  the 
leading  signal  ir  nultiplied  by  n « U*  and  the  frequency  of  driven  - 
to  c 3,  as  a result 

Jci  - “ 3-//33  - 3^0 

For  ettairinq  the  second  standard  frequency  the  frequency  of  the 
leading  signal  is  nultiplied  by  a = 3,  and  the  frequency  of  the  second, 
driven  - on  1 = 2 is  obtained  t 

P 

\ 

3-fS = ass  kHz.  1 

> 

/7»»A7  ' 

Tho  eporatirg  region  of  systoin  of  three  stations  AVD  is  oriented  t* 
predc  I in  I r 1 1 y in  cne  direction  (Fig.  2.11).  For  the  target/purpose  cf 
the  provision  for  circular  maintenance  into  system  can  be  introduced 
cn“  acditicnal  r.lav^  station  t with  carrier  fcequencyj^-  * kHz. 

Then  tho  fair  of  stia^ions  AE  terras  one  additioral  base  dj  with 
starrard  frenuoncy 

J ^ S^SS  = ^-70  f ^ kHz  . 
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For  cttairinq  navigational  infciBaiicn  frcB  this  systea  into  installed^ 
ogii  ip  iPent  is  introduced  the  fourth  channel  and  the  third  phase-aetec 
device.  Iccaticr  that  which  drive  and  three  slave  stations  in 
locality  is  shown  in  Fig.  3» 12. 

Anl)igui»y  in  reading  is  reaoved  with  the  aid  of  the  coarse  gr5.d 
of  lires  of  fcsition,  which  is  created  by  the  fcllowing  aethod.  Each  * 
s^aticn  jeticdically  enits  signals  sirultaneously  at  two  frequencies* 
which  differ  ty  1h  1/6  kHr,  the  value,  which  is  the  greatest  coanoo  | 

f 

liiviscr  cf  frequeicies  of  all  feur  stations.  ; 

t 

As  a result  of  reception  cn  the  aircraft  siaultaneously  of  two  ^ 

signals  at  different  fre;quenci€s  frcn  eacl  ground  station  are  foraed  i 

/rp--  Hi-  i 

the  leatirgs,  that  aakes  it  possible  tc  isolate  difference 't  teguenc^  p 

kHt  and  tc  utilire  it  as  standard  frequency  for  the  foraation  of 

\ 

coarse  grid  cn  tase  will  be  ■ 


n 't 


At  ptanl3ic  ffgucncy  kH7 


^ 3-/0^ 

= 7 = IO,SOO  tn. 
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For  tho  eliiination  of  aahiguity  the  aaster  station  A eaits 

frequencies  65  kHz  and  70  5/6  kHz,  driven^C^-  frequency  113  1/3  kHz 

jr 

even  127  1/2  kHz,  driven  frequency  127  1/2  kHz  even  113  1/3  kHz, 

diriven  ?.  - frequency  also  113  1/3  k!lz  even  127  1/2  kHz.  These  pairs 
cf  frequercics  are  eiitted  by  leading  and  cne  of  the  slave  stations 
duritnj  5 £ by  three  cycles  with  the  1st,  16th  and  31^^ s of  each 
Biinute,  hot  t ko  ether  driven  tc  this  tiae  ate  disconnect/tur  ned  off. 
During  the  1st  cycle  works  vaper  //and  is  forasd  the  coarse  grid  oo 

CaoJ 

1 ase  d,  during  the  2nd  cycle  - the  pair  of  AO^s  and  it  is  fora/shaped 
coarse  irid  cn  base  and  finally  during  tie  3rd  cycle  it  verks  va 
AK  ard  it  is  created  coarse  grid  cn  hase  ds. 


05-  n-Tf, 
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In  thcso  ktiich  wt-ce  rt^caining  45  s of  each  linute  all  4 stations  of 
qiouf  work  s i Bul tanecusi y,  creating  precise  phase  grids.  The 
n«'ces£rtry  irode  Snitches  of  work  ate  conducttd  in  the  special  fast 
signals  cf  master  station,  sent  before  each  cycle  at  the  freguency, 
which  differs  frci  carrier  85  kHz  cr.  70  Hz. 

For  d use  by  such  systeas  are  released  the  special  nap/charts  on 
which  are  j letted/applied  the  zones  of  coarse  grid,  path/track  cf  a 
preciso  grid  and  line  of  position.  7ones  ate  designated  by  the 
letters  cf  Latin  alphabet,  their  runher  cn  each  base  equal  tc  the 


re  1 a t icn  : 


- ad. 


The  nupfjCt  of  path/tracks  in  each  zone,  in  turn,  is  equal  to  the 
relation  cf  stancard  frequencies: 


fl.  34) 


’age  mo. 


fi}.  3.14.  ArranqeBeot/periiutaticn  ct  the  ground  stations  of 


fliase  systcz  "otega". 


Kf'y:  (1)  H'waiian  islands.  (2)  Halos.  (3)  the  state  of  ffew-^ock 


liSaueiuc 

oemcoia 


. I Jtf«0 

[U]  noHoncKOto 

K ' i mama  MO 
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Th*>  rujiiPt  of  lir»s  of  position  in  each  path/tcacic  is  selected  equal 
to  ICC  (thrcutjh  J.6°)  , and  it  figured  of  thea  each  the  tenth- 
Hespectively  each  decoaeter  have  three  of  scales:  the  scale  of  zones 
in  the  fcri  cf  letters  in  the  vindew  cf  dial,  the  scale  of  path/track, 
and  the  scale  of  lines  of  position  vith  the  appropriate  needle 
indicators.  Figure  3.13  shows  a diagraa  of  nuabering  and  an  ezaaple 
cf  the  reading  cf  line  of  position  E-16-30.  The  plotted/applied  by 
map/chart  lines  cf  position  of  different  bases  differ  in  teras  cf 
colct  and  th®  appropriated  to  the  path/tracks  cf  a precise  grid 
numfcett. 


Lot  C3  oaaine  one  additicnal  developed  in  the  USA  phase 
ditfer'ntial  ranging  system  "cirega"  which  is  introduced  at  present 
into  ti’ld  ‘o£ting.  The  location  cf  the  greund  stations  of  this 
systeir  is  shewn  in  Pig.  3.1b.  Qt\^  of  the  stations  on  Hawaiian 
islards,  is  drivirg,  and  the  others  - by  driven.  In  all  it  is  assumed 

to  h<=  to  rstablish/install  fl  stations,  which  werk  on  very  long  waves, 

and  to  orratr  the  continuous  navigational  field  above  an  entire 
surf-ac®  cf  t«'trcitial  qlcbe. 

Th-’  greuni  stations  of  system  "cnega"  work  in  turn  on  two 
fce'iuencies  f|  = 10.2  kHz  and  If  = 11. f>  kHz,  emitting  the  unscdulated  i 
f 1 net  i cno  at  Fi.ch  carrier  frequency  during  ~1  s with  repetition 
leri'd  10  s.  ^rcr  t/e  of;erating  schedu]  ' cf  operation  eight  cf  grcunlw 
sta»ictri  (Fil.  1.11)  it  is  evident  that  the  stations  of  system  njst 

werh  f:i  ♦ t a r.  n i ss  ion  cor.secuti  vel  y .and  it  is  strict  in  concord  cn  tiie 

■I*  in»TVil-;  C.  2 r so  ♦ha*  during  the  i;cnplctc  cycle  of  transmission 

f 

¥- 
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c^ch  s* If  ion  wouid  make  two  send  operation'  c£  the  signals;  cne  at 


froguGncy  tj,  another  at  frequency  In  the  first  tine  interval 


during  O.'J  s,  works  on  t ranseissicn  staticn  1 at  frequency  f,  and 


stdt’cn  6 at  tre^uency  f,  (send  operation  A) 


0*i- 


P*GE  ^ Igi 


Fij.  J.  15.  The  operating  cycle  ol  tie  transaission  of  signals  by 
gro'Jrl  static  ns. 


K°y:  (1)  the  send  operations  cf  signals.  (2)  NN  the  working 

staticns.  (1)  at  frequency.  ('>)  t s.  (5)  <?. 
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Then  af+er  0.2  s work  station  2 at  frequency  and  station 

B 

1 It  frequency  (send  operation  xf)  . Fuitfcr  enters  the  work  staticoi. 

1 and  emits  its  signal  at  frequency  f|,  tut  preceding/previoos  staticn 

2 it  this  tine  eiits  fluctuaticns  at  freguercy  t*  etc.  before 
coxplcticn  of  the  complete  cycle  cf  t rans * i ssion , whereupon  begins  new 
cvcle.  For  the  rcalizaticn  cf  this  curve/qiaph  each  stanitsya 
contains  £p?cia.T  electron  ccanutatcr  (timer),  vhich  realizes  the 
neersfiry  mode  a. itches  cf  work  of  all  units  of  station. 

The  e n issicp/radiat  ion  of  grouncJ  stations  at  frequency  f,  is  k 

utilize)  fer  compiling  a precise  phase  grid  of  lines  of  position, 
while  -m  iFsic r/r adia t ion  at  frequency  f?  is  utilized  for  the 
eliiriraticn  cf  t u Iti f cr m ity  in  reading.  ; 

tatchcl  work  of  each  pair  cf  the  ground  stations,  arrange/located 
at  the  end/ltads  cf  base  d,  cn  the  first  frequency  makes  it  possible 
to  emte  a precifo  phase  grid  cf  lines  cf  position  whose  number, 

) 

acccniing  to  formula  (3.13)  will  be 


(3.  If) 


wt.o  t r \ , = c/  f , . 


wiith  a*  t h phafe  nath/track  cf  a t>rrv';ir.r  crid  cn  the  lase 


'"S-  1S-7h 


PAGP  ^ Ml 


(5-  . 


<2 


At  the  'i‘=lcrtr;l  ttequtfncy  r,  •=  10.2  kHz  Xq  *ill  te  about  ISyCCO  ■. 
•a^che.}  week  cf  these  stations  cn  the  stccnc  frequency  f,  nakes  it 
|on5it)->  tc  isolate  the  difference 


inti  tc  "'ttiir  the  rouqh  phase  qrid  of  lines  cl  position  with  the  width 
ct  zer-'  ct  the  tase 


|1.  If)  . 


<L 

aif.-f,) 


At  ♦*■€  .'elected  fiequency  f,  = 13. h kHz  "X ^ will  be 


3- /d* 

J(/3  0 ~/O.Q)lO' 


Hti'OOO  /n. 


{ 

\ 


i.o.  it  rich  rcnc  nt  coarse  qrid  arc  located  three  path/tracks  c£  a 
etecise  jiil.  Sutsequentl  y is  asEii.rifrl  *o  le  tc  conduct  work  cn  one 
•^oir  ir  ciicrcy  f,  = 12.75  kilz,  which  it.ikes  jt  (cssihle  to  expand  the 


T c e r ‘ 


i r ’'if  ivre  al  read  i no 


taticn.  (2)  the  aode  snitch  of 


6fd<jtMru 
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l^t  us  •=xaBine  the  joint  cjecaticn  cf  the  pair  of  ground-based  L 
stanirsy,  consisting  of  aaster  station  1 and  slave  station  3,  The 

t 

block  liiagt.iB  of  aaster  station  is  giv^n  in  Fig.  3.16a.  The  diagrae  i 
contains  the  high-stability  oscillator  cf  frequency  100  kHz,  relative  V 

L 

frequency  drift  cf  which  it  coafoscs  10~*-1C”*  for  days.  The  f 

f luctuit  ienr.  cf  cscillatcr  are  supplied  tc  the  unit  of  frequency 
dividers,  at  cutput/yleld  of  which  are  cktained  two  frequencies  f*  and|’ 
tg  for  the  excitation  of  transaitter  even  ere  - 10  Hz  for  a control  off 
work  cf  electron  cenautator.  The  latter  during  10  s the  cycle  cf  ^ 

comautiticn  develcps  two  send  eperations  (Fig.  3.16b),  work  | 

super  i ntc  rdon  t cf  the  transaitter  of  the  aaster  station: 

- Sind  eperation  A,  during  which  the  tiansiitter  eaits  I 

fluctuiticns  at  frequency  fi;  | 

- send  operation  D,  during  which  the  t r jinsiiitter  eaits  ; 

fluctuatiens  at  frequency  tg.  i 

The  ttoquency  of  high-statility  oscillator  is  coapared  with  the 
fiorufncy  cf  pattern  generator  and  o-->r  icd  Ic  a 1 ly  is  corrected.  The  i 

i 

election  cc  IT  aiut  a t r r,  controlled  10  Hz  ty  sicnal,  is  regulated  sc  that  { 
send  epetdtion  \ would  begin  accurately  in  jcro  second  after  aidnight 
on  Greenwich  time,  then  emitted  ty  the  leading  transaitter  of  « 

I 

fluctuation  can  serve  as  the  strictly  standardized  signals  of  precise  ^ 
♦ine  in  tie  service  of  single  tlae.  ► 


nags  144. 
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ftrqu»ncy  stability  10-"  shift  in  the  opecatinq  tine  of 

f ; 

election  ccr-rutatcr  will  conpose  valnr  pj 


H.  »'1) 
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that  lor  cays  it  will  give  less  than  10-^  s (one  second  for  3 years). 

?lave  station  aust  cait  irto  space  its  signals,  strictly  In 
roncoti  witi,  the  signals  of  aaster  station  cn  frequency  and  the 
initiil  phtr.*’.  Crly  under  this  condition  it  is  possible  on  the  basis  f 
of  the  ic.isurea^'nt  of  a phase  difference  tc  obtain  the  line  cf 
fositior..  Fur^heiaore,  the  signals  of  driven  tcansaitter  aust  be 

! into  the  strictly  assigned  itrtervals  cf  tine,  according  to  the 
ciirve/gr»rh  ct  Fin.  3.15.  In  cur  case  at  slave  station  3 for  the  ^ 

k 

‘-.11  i S',  ion/ 1 » ) i at  ic  n of  signals  within  linits  10  s of  operating  cycle 

C J1 

ire  abr.i^r cic*/ro3cvcd  the  tiae  intervals  ^ardyj;-.  For  this  purpcse  the- 
slavF  station  is  placed  in  the  vode/cenditiens  of  tracking  the  signals 

i 

cf  iiia:t«r  staticr,  which  can  be  examined  with  the  aid  of  the  block  p 
lia  jiiiw,  pi-rented  in  Fig.  3.17.  [ 


fiq.  3.17.  Plock  diaqran  cf  slave  station  with  tiea-di vision 


nultiflexinq 


Key:  (1)  lastor  station.  (2)  slave  station.  (3)  receiver.  (h) 


amplitior.  (':)  xcde  switch.  (6)  transvitter.  (7)  channel.  (6) 


if.i5;ter  station.  (9)  slave  station.  (10)  control.  (11)  synchronizer 


(12)  clocfrcn  ccxvutator.  (13)  frequency  dividers.  (19)  Hz-  (15) 


kHz.  (If)  h.qh-stability  oscillator.  (17)  the  send  operations  of 


nastei  station.  (19)  the  send  operations  cl  slave  station.  (19) 


witchinq  the  razhiaov  cf  woc)t 
V'emanuut  \I/ 
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ct  slavo  station  - in  frequency  f,.  (U)  at  frequency  f*.  (5) 
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Slivf!  otaticn  accepts  tte  send  ofetaticns  cf  the  signals  of 
nastet  r.r.iticr  A and  U consecutively  at  frequencies  fg  and  tg  with  the 
ail  cf  lifl^x  receptor.  At  station  there  is  their  high-stability 
oscillitct,  which  operates  at  a frequency  cf  100  kHz  and  a frequency 
■lividcr,  which  develops  continuous  fluctuations  at  frequencies  fg  and 

ir*er  3el  for  the  excitation  of  driven  tianswitter.  In  addition  tolV' 


this,  the  divider/dercainator  develops  anctler  fluctuations  at 
frequency  10  [i?.  (duration  of  period  0.1  s) , which  control  work  cf 
electron  ccsimut  at  cr,  and  the  latter  in  turn,  west  aanufacture  4 send 
crorations  cf  signals  in  each  eperating  cycle: 

- send  operation  A and  B ter  the  ccrsecutive  reception  of  signals- 
fren  BiStet  staticn  at  frequencies  f,  and  fj; 

- send  oc-=‘ration  C and  D for  the  successive  emission  of  the  s. 

* V . 

I 

1 1 ur  ij  i ens  cf  slave  station  also  at  frequencies  fg  and  fj.  | 

rorsever  these  both  fluctuations  oust  te  sent  to  the  strictly  > 

l'>fined  ti«->  intervals  in  accordance  with  the  tiae  diagraa  of  Fig.  ; 

1.1^.  I 


'ar  *^hp  nreenent  (synchrenizatien)  cf  work  of  the  coamutator  of  >■ 
.;1  ivc  staticn  with  werk  cf  cc.vmutator  that  which  drive  is  a ji- 

A 

• 

;;ynr  hton  i 3?  i n ) unit  in  which  is  conducted  the  ccaparison  of  the  send 
orft,i»i:f'S  cf  'laster  station  with  the  send  eperations  of  slave  L 

-,tt»jcn,  Tjnuficturcl  by  its  cesvutatcr,  and  is  realized  the  t' 

ct  >;c  n But  a tot . After  th''  achieveirent  of  synchronisa  in  f 

worK  • v'.ci  ITU' at  cr  of  slave  station  an  t c Ba  t ica  1 ly  produces  all  the  | 


ri^r^rsiry  iclc  switches  at  the  es  t at.  1 i she  d/ i us  t a 1 le  J points  in  tiae. 
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lh*>  £rtiil  opeiations  of  signals  A ftcw  laster  station  at  fregueocyi 


t,  arf  received  as  the  first  channel  cf  receiver  and  after 

Ap 

anp  1 i t ir  3 1 ion  are  supplied  to  chase  dir.cr  1«  Jnator  aaster  station. 

n 

uhorr  I'ntoi  .also  the  continuous  f 1 uct  uat  i c n s at  frequency  f i , 
manufactured  ty  frequency  divider  frer  fltctuaticn  at  frequency  f*, 
innuf  act  cced  ty  frequency  divider  frcir  the  fluctuations  of  the  local 
oscil liter.  The  error  voltage  ct  disagrecvent/visaatch  with  respect 


to  fh.tse  frem  the  output/yield  of  phase  d iscrisinator  is  supplied  to 
•nq  inf  ir.d  controls  the  rctation/revoluticn  of  phase  inverter 


i 


ard  controls  the  rctation/revoluticn  of  phase  Invsrter  Jy^the^ 
raster  st.iticn  of  tlie  first  charnel.  This  phase  invertor  sh if t/shears 

♦ he 


pha.se  cf  the  fluctuations  cf  reference  vcltaqej^  ^ ^until  these 

\ Bea^-x 

f 1 uef 'lit  i ens  turn  out  to  no  out  of  pjhaso  relative  to  received  signal^  i 


icctr.it^ly  by  90°  and  the  error  signal  in  this  case  will  becose  equal  . 
t c veto. 


The  matched  cn  phase  with  received  sigral  supportinq/re fercnce 
: 1 uc»  t-i  t i c PS  ^ enooH  supplied  tc  phase  d iscri  einator  ^P- an  J 


) 


phase  invertor  U the  slave  station  of  the  first  channel. 


Miilcqous  procofs  is  observed  whop  using  send  operations  B fro* 
•nistfi  st.i*-icr  at  f rogue r.cy  f^  in  thr  .second  channel  of  the  receiver, 
an  3 roaulf  of  which  the  matched  or.  nh  tse  with  received  signal 

are  supplied  to  phase 


;;upt  nrt  i ri')/t<' fopf'pce  fluctuaticns  T 


I i m i It*  * r c I r'jnu  invf^ctPi  1 1 r slave  station  of  seccr.d 


<rl  a r r * ! . 


PACE  C3  P'  I 

i. 

Cririrg  tiao  intf^rval  C support!  ng/rc  leience  fluctuations  at 

i 

ficqurncy  f,  arr  supflied  to  thf  drivon  trarsaitter  which  eaits  signal 
at  frcqiipiicy  fi  Into  s{>aco.  These  tluctuatlcns  ace  receiaed  as  the  i 


antenna  cf  receiver,  enter  the  first  chatiiiel  and  is  supplied  to  phase  * 


d i set  is i nator  >f^slave  station.  Alter  thfii  ccaparison  with 

support ing/rofere rce  at  the  output/yicld  cf  phase  discriainator  is 

separat o/] iberatf c the  error  signal  of  disacreeaent/nisaatch  on  the  I 

l.asis  of  the  phase  between  the  eaitted  and  sup perti ng/reference 

fluctinticns  cf  slave  station  at  frequency  1,.  * 

This  signal  controls  work  cf  engine  and  rotation  of  phase 

pB 

invctt->r  iJr' t he  slave  station  cf  the  first  channel  until  aisaatch 
•I 

errer  is  Irotight  to  zero.  In  this  case  tic  eaitted  signal  veedaoy 
sTiticn  tuns  ort  to  be  out  ot  phase  relatively  supporting/reference 
by  90".  Since  tic  taken  signal  by  that  driving  the  obtained  signal  ol 
driver  out  cf  phase  relative  tc  ccwracr/genc lal/total 

support i ni/refererce  fluctuaticn  by  identical  angle  of  90®,  they  will 
coircid'’  in  the  phase  between  theoselves. 

Jl 

Aralojous  prccets  occurs  during  time  irtcrval^,  when 
su pp ort i r g/rc 1 ec € pce  tluctuaticrs  at  fr^grcrcy  f*  are  supplied  to 


vcc.Ityv  ttirsvitter.  Eaitted  tc  them  fluettatiens  at  frequency  f* 

pe 

ilpr^ich  phtsc  discriminator  fd?  the  slave  station  of  second  channel 

(to 

and  w i»  h tic  aiti  cf  phase  inverter  ^ the  slave  station  of  this 

A 

clanrifl  ar''  ira*’ch<'d  on  phase  with  r«r<'ivfd  signal  at  frequency  f^. 


raj‘.  1'*7. 


1 


decctittt^ 


^iC9*40lJ 


i^lr.  3.19.  The  block  diagram  of  the  on-board  reception 


ndlcator  device  o^  phase  system  with  tlne-dlvlslon  nultl 


plexlr.m  (vcltaf»e  of  ^repuency  f^  Is  sunplled  to  phase  Invert 


ers  from  frepuency  dividers  analogous  with  Fin;.  3.17) 


Key:  (1)  master  station.  (2)  slave  station,  (3)  amplifier 


(5)  receiver.  (6)  coarse  readln, 


('!)  channel 


(7)  master 


station.  (S)  differential,  (9)  fine  readln".  (lu)  slave 


station.  (11)  synchronizer.  (12)  commutator.  ( 13) frequency 


(1*1)  hl"h-stablllty  oscillator.  (1-j)  control 


(Ifi)  mode  switch 
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since  hy  t h.?  rxauined  aethod  arc  zastahil  iz  ircvany  the  phases  of  the 
1 1 uc*- t.i  1- i c ns  cf  clave  station  at  frequencies  f,  and  tj  relative  to  ^ 

siqnals  diivirq,  the  phase  of  difference  frequency  fj  - f,  also  will 
he  stable  relative  tc  the  phase  of  difference  frequency  driving.  j 

Also  piocosses  flow/last  in  the  units  cf  ancther  slave  stations,  ^ 
differing  crly  in  time  of  the  send  operatiers  of  their  signals. 

The  tlcck  diaqram  of  the  cr-bcard  rcce i ving-neasuring  device  of 
hiq.  J,  1 ')  centairs  two  channel  tor  the  reccfticn  of  signals  fro*  the  t 
l('adir.q  ard  slave  rta-tions  at  frequencies  f|  and  f^  froB  each  and  the  t 
jc  a s i t-’ine  1 1 cf  a phase  aifferonce.  The  electren  coBBUtator,  . 

synchronized  as  tie  signals  of  master  staticn,  serves  for  the  aode 
switch  of  •.oth  cl  recoi ving-measurinq  device  according  to  the 

c r J in  ei!  pregtam  iiito  the  strictly  assicned  points  in  tioe  analogous 
with  work  the  ccBBUtatoi  of  slave  station. 


Page  14d. 


vor  example  fer  the  reception  of  sijnals  Ircm  the  Baster  station  of  1 
mi  slave  :;taticr  3 ccromutator  after  sy  re  h 1 1 r i za  t io  n will  switch  in 
*hc  dijirm  cf  p i r y*  r ci  nd  ika  1 or  a according  tc  the  progras  of  Fig. 

1.  Id.  rn  ’his  f . so  Lhf>  send  operatiers  A ftcir  iraster  station  at 


fr-'.jimncy  f 
c r ♦ h.  <-  lit;; 

- c I S f I * 


I will  .11)1. roach  phase  dlscr  i it  i na  ter 


the  master  staticn 


t ch  irn*?l,  and  s^nd  cppi  i*iori  B at  fce'^uoncy  t?  - at  the 
icr  cf  second  channel.  I •.  ♦uir,  send  operations  C and  ^ cf 


;;luv‘  ;i*'.i‘ior  will  be  accepted  and  jIv-t  cr  the  phase  discriminators 


I 

i 


PAGE 

i j 

cf  tbf  slavf-  station  of  the  first  and  seccnd  channels.  Thus  the  ^ 

chanrtl  cf  tiffo  rciectirn,  utilizin')  succcsfive  work  of  ground  * j 

i ) 

rstaticns,  distrilu^es  the  taker  fron  then  signals  by  the  appropriate  j 

thanntls  cf  cn-Lcard  leceiving-Jcasut ing  device.  . ' 

f 1 
» 

Into  the  aeasurirg  circuit  of  the  first  channel  fro«  the  unit  of 

I 

div  i der/deroit  inatcrs  cooes  the  reference  vcltage  of  the  first  ' ; 

operating  trequercy.  Ccntinuoos  f luct  ua t ic ns^ ^^thr ough  phase  • , 

invcit'^rs  ar*’  siipilied  on  the  {base  d iscr  i i i na  tcrs  where  they  are 
compared  vith  rcrpect  to  phase  with  the  taker  signals  froa  grcurd 

; 

stations.  The  error  signals  cause  the  cctaticr  cf  the  rotors  of  phase 
irveit**r?  thrcugh  this  angle  by  which  the  phase  cf  reference  woltage 
dif  1*^13  frem  the  phase*  of  the  taken  signals  accurately  by  90®.  The 
angles  ct  rotation  of  the  axes  cf  the  phase  inverters  of  the  leading 
atid  slave  stations  transmit  to  the  mechanical  differential,  cutpat 
axis  cf  vlich  is  turned  to  the  angle,  which  characterizes  a phase 
difterence  of  the  taken  signals  ry  froguercy  fj.  With  axis  is 
connri.t?d  the  r i t leman/gur.ner  cf  fine  reading. 

The  c,j.,e  piocesses  flow/last  in  the  second  channel  of  the 
o<*.i  suri  ri  ) circuit  whor*>  is  determined  the  phase  difference  of  the 
tdkfr  signals  f r c ir  ground  stations  at  frecuercy  fj.  This  phase 
dittoronc*'  is  oxjressed  i)y  the  angle  of  rctaticn  of  the  output  axis  of 
tlieccrr  or  per  dine  differential. 

Vow  it  ♦vrns  out  to  be  possible  tc  utilize  results  of 
p-'a  sut<. s i’l  the  first  and  secon  I clnntcls  fer  obtaining  coarse 
T'-ading  ;ci  h • t at  go  t/p  u rpese  cf  tl.”  partial  elimination  of 


a r *•  i I ;ui ••  y . 


'■’or  this  i)ur)osa  outjxit  ditfricitial  shafts  1 and  2 
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channcln  ire  suppliod  to  th»»  third  differential  which  aakes  it  | 

jnssitlo  tc  deteririne  the  difference  hetueer  their  angular  positions, 

and  this  difftropce  it  gives  tc  us  reading  cn  coarse  grid  with  the 

width  of  7cno  oti  tase  accor'ing  t<.  fcrnula  (3.38).  ; 

> : 
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Fi'j.  3.20.  Cppcatinq  principle'  of  t i nc/teiiporacy  dii'fe cen tial 
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Ac:»  jallv.  phase  diffi>retice  free  1 nrd  3 stations  at  frequency 


f,  i*  will  cenpoEf  the  value; 


% 


a at  fr-’quency 


1 iliiler'^rcc  in  these  values  will  give 


= Ll^Cr^-r,) 


(frp  ~Q  TT 

Acre  I',  tin  I cn  tas?  “ r =J27.  A ««*  will  cltain 

3 I ^ rp)'l 


i 1.'4.  e , ,•^t•  jt  i r.(]  principle:-,  of  tiir^/t  oitirccoiy  del  i vored-r  an  g ir.g 
s y 1,  t e n . : . 


vr/r.,.;,,_ltgc 
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Pj7f  149  ccn«-inu€d. 

For  tho  creation  of  tinG/toaporary  type  differential  ranging 

syst'-jr  arc  required  two  ground  statiers  which  are  establish/installed 

»r  a gr-’at  lis^arce  ftca  each  ether  r (Fig.  3.20),  called  tase. 

^ 6 

The  t r 1 nr  I i 1 1 cr s cf  these  stations  operate  cn  a pulsed  basis  of 
en  i'jsion/radiat  icr,  strictly  matched  cn  tiac  at  identical  carrier 
frogucr.cy. 

For  th‘>  agreement  one  of  the  greurd  etatiens  A fulfills  functions 
drivirg,  arl  another  B - slave  station.  raster  station  assigns  the 
COT  TIC  n/g  e ner  a 1/ 1 c ta  1 operating  mode  of  an  entire  system,  the 
rep'-titicr  freouency  cf  transmitted  pulses,  and  driven  follows  its 
work  and  eitjts  its  pulse  signals  with  the  strictly  assigned  tiae 

1 o 1 a V . 


P j 7 o ISO. 


F 

i 


.•ho  ltd  the  aircraft  is  establ  i.>h/i  ns  t a 1 le  d the  receiver  and 
Tcasri  in  ) d‘  vicG,  with  tho  .ip,)  cf  which  aie  accepted  the  signals  o! 
hot*  crcinJ  stjtjcns  and  is  conducted  the  mtasurement  of  a tine 


(’ i ( t f ii' 1 c*^  of  •■heir  tecepticr.  cn  aiiciart. 


J 
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Fron  this  tine  difference  is  detersined  the  difference  in  the  f 

< 

dintirc's  trc*  ground  stations  to  aircraft,  and  then  is  located  the  | 
linf>  cf  fcsitior.  - the  line  of  equal  differences  in  the  distances  f 


r-^ 

vith  this  aethod  of  operation  as  in  jhase  systeas,  on  aircraft  it,.'. 

Y'" 

is  net  r^cuired  tc  establish/icstall  the  transaitters  whose  (ower  is  f- 
aJwavs  strcngly  limited.  Eeission/radiat  icr  is  realized  only  by  ; 

ground  stations  wlose  power  car  be  the  sufficiently  large  In  order  tc 

r 

ensure  the  Icrg  range  of  action.  Cn  aircraft  is  conducted  the  cnly  f/, 

. 

method  of  this  e » ission/radiat icn ; therefetr  the  number  of  aircraft,  i ^ 

i i 

which  si  o'ul’-anootsly  obtain  infermation,  virtually  not  limitedly;  ; 

* '' 

consecuently , differential  ranging  systems  tan  have  the  unlimited  :.. 

» 

capacity.  T 

The  frocesses  of  emissicn/radiation  and  reception  of  pulse 
signals  in  t i ae/tcaiporar y type  differential  ranging  system  are  shown  ; 
in  hig.  3.21.  On  the  upper  row  of  time  diacrai  it  is  shown  that 
leading  stan^iya  emits  into  space  pulse  sigrals  (depicted  * 

onnd  i t i o r a 1 1 y in  the  form  of  triangles)  with  repetition  period  T which 
in  selected  by  the  sufficiently  large  in  erect  that  up  to  the 
tor  0 iie/mc  aen » of  the  send  operation  of  the  following  signal  cn  r 

K-mt-. 

t 

aircraft  would  erd  the  reception  of  the  previous  signals,  sent  by 
stgt  ic.gs  A ind  f.  Ir  the  systevs  tf  Icrg-ranqc  the  frequency  of  send  : 
o(«^’iitions  h =1/7  is  rolcctod  equal  tc  several  dozen  r 

moiter.tum/ imouljo/pulses  per  scccnd,  which  picvides  obtaining  h ■ 

i n**  cu  i vot  a 1 icidira  independent  of  range.  T : 


FiT.  3.2  1.  tine  diageam  of  enise icr/radiation  and  reception 


nir.?  ion/r  adiation  of  staticn  E.  (3)  receftion  on  aircraft 


(mAmtunA 


PputH  u ulnyvrMUt 
cmOMUUu  5/-  ) 


CO-  1'-7r> 
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i:  as  station  A signals  ace  reccivtd  at  station  B and  on  •; 

aircraft.  Th*;  reception  of  signals  at  station  E occurs  with  ti^e  lag 
for  a period  ■<^4B  proportional  to  the  length  of  base  : ft 


il.  “C) 


rrocesses  in  the  circuits  of  station  E are  given  on  the  second  ; 
row  cf  dlagraiv.  After  reception  the  signals  arc  delayed  for  sove  tin^ 
which  it  is  ccaposed  of  the  transit  tine  cf  ■oaentur/inpulsc/pulses  | 
along  •■hi-  ilitferent  circuits  of  grcund  staticn  (antenna,  receiver,  f 
shacots,  tr  ^rsJiitter)  and  of  delay  tive  ir  special  line.  The  value  ct 
code  delay  can  be  selected  different  ard  in  the  process  cf  work 

is  S'ljrortcil  by  strictly  constant.  After  this  tine  station  E eaits  r 
ipTo  since  rtf  pulse  signal  which  alee  is  accepted  on  aircraft.  ! 

Co  the  thud  row  of  diagrao  it  is  shews  that  the  aircraft  1 

teceivor  in  <-,ich  cycle  of  work  cf  system  chtains  two  signal:  1 

f . 

- oc  t cp/i  B pu  Ise/pulse  tsom  st.it  icn  A with  time  lag  after  |i  Ji? 

its  ii'.s  ici-/ta  1 iation  by  staticn  A;  1- 

/ f*. 

- 'cn  ri'tm/iirnulso/pulse  from  stalicr  B with  time  lag  after  K'a 


it;-.  i.;s  ici./r  jd  i.tt  ion  by  station  C. 
Ir;  ' h i 'i  case  »hp  tiro  lag  tf. 


with  respect  to  the 


♦ o r T)'-/'')  c S'- n t r of  t.n»--it  em  r/r  aJ  ia  • ic  r at  stations  A and  E will  bof 
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u-i 


H '■  0 C 


(-•.-o 


wh«^  nc-’ 


Th'^  ol-t.  jire  l torniila  connects  a time  diffsi^nce  the  reception  of 


sifjrils  cr  aircraft  froa  the  grciind  rtaticns  A and  B with  a 

iiffcr*'nce  in  the  distances  ot  aircraft  of  these  stations  t ai 

n 

If  wo  in  tf*:  frccess  of  flight  retain  the  nrasured  value  ^ 


constdiit,  th'^r  ir  this  case  will  be  retained  constant  a difference  in 
th'^  li'-‘-  !rces:  f^=co/>sif^  fj, -f\*  cae»s/-  Conrocuently,  to  each  value 


will  corrcspcri  the  line  of  position  in  the  torn  of  equal  differences  f 

h: 

in  1 1 c 'list  a ncoE . 

i „ 

L«t  IS  exiTino,  as  will  change  the  valte  cf  a tiae  difference^  • 


in  firvini  nrcraft  in  space  relative  tr,  1 1 <=  pair  of  the  ground 


He  will 


.;»a*if.nr.,  irr  an'ic/locate  d at  the  end/leads  cf  the  base  . ■»:  ■*!.*  ^ 

u je  'crtuli  (3.1*2)  and  let  us  deterraire  valte  for  three 

chi  1 ir.  t'?  t i £ t i c pcints  (Fig.  3.22).  At  foint  1,  arr  ange/loca  ted  to  thefc 
1'- f t lurin.j  t hi-  cent  inuation  ot  taso  (frea  the  side  of  aaster 
St  iticn)  : !' 


tsi  ' ^>1.  ^ ^ 


d 1 


AB 


^ II  I ~ 


r 


I t ■/) . 
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fil.  3./2.  Ch^ngo  in  the  tine  diffcrerce  the  reception  of 


in  Tcving  aircraft 


PAGE 


Fil.  3.73.  Fasily  of  the  lines  of  pcsiticn  of  tiae/tenipocacy 


3i{tc'«r.t  ial  ranging  system 


O'.  - 


PACK 

‘ 


This  Lirqf  nJv.jntaor-  of  t me/t  e sf  ora  ry  £y£t€«s  in  ccuparison  vith  ; 

pharc  syrtcus.  ^ 

In  acvinq  aircrdlt  over  any  arbitrary  trajectory  froa  point  3 \ 

intc  {ntiit  1 Measured  time  difference  hill  smoothly  change  from 

♦ h*’  (iniiiir  value  /j,  mvh“  maxiou*  ^ m within  i 


« MKC  r^g 


the  lirits 


(d.fC) 


f«  Mane — fa  Mmu'“2tjkB  • 


Tf  the  .urar  squar*  error  of  the  measurement  c£  time  is  characterized 
Ly  value  that  ir  the  system  in  quest  icr  it  is  possible  tc  obtain 

family  f i c r r<  of  lin*->s  of  position  where 


fauttt  fmawa 


1 takjnq  in’c  icccunt  (3,50) 


n.  ‘ 1) 


r:,  tor  exaotle,  t.isc  ir.  selected  ly  Irnutl.  r^g  ^^00  and  the 
iceri.icy  ci  tt:»  o ear  uroDi>nt  of  time  then 


PAGE 

zy7  < 


, - 2. 10-»  Sj 

2-2-10^ 

-^-;~Lv-  =-  2000. 


ind  ciich  cf  thf?«’  will  he  deteritined  iir<iiib  i gccusly. 

fiquro  1.«{1  depicts  the  faiily  of  the  lines  of  position,  distant 
from  e.>ch  c*-her  cr  500  ps^  with  code  delay  = 1000  ps».  With  a 

chani^e  in  thn  value  of  code  delay  it.  is  pctsible  to  change  the 
r.iishcting  ct  lines  of  position. 


p.nr  154. 


To  rval'iate  the  accuracy  cf  t ine/t  e m p c tar  y differential  ranging 
nystc^r.  lot  t n differentiate  fotniila  (1.4f)  and  pass  to  the  finite 


increments.  Thor  we  obtain; 


|1-  52)  . 


/3  r - 


tr  pre  sn  i f.  r (1.52)  corrects  t tie  ireasuiing  ericr  of  a time  difference 
(w  i rrr  tlie  ne-isur  i rg  ei  tor  of  a difference  ir.  ttie  distances  Ar.  This 
con  Tuiiic -•  t ic  r./cr  rp(  c t ion  will  occur  alro  trtween  the  root  aean  sguare 
vilmr  Of  r !i  ( ce  rirors: 


OS-  1 5-7 S 


PAGE  ^ 83 

: 


- dor^ 


In  turn,  tho  prrcr  in  the  measutenicnt  of  a difference  in  the  distances, 
will  cau.*^«  the  error  in  the  deter  minat  icn  of  lin®  of  position. 

Accoriinq  to  the  linear  line  shift  cf  pcsition  will  be:  i. 


2sin-I- 


r tahinq  into  account  (3.53) 


(3.5'*) 


2sln-L 


where  r is  an  anqlo  of  I)asc.  In  the  icsiticn  of  aircraft  on  tase  this 
anijle  i r-  cciial  tc  1d0°,  and  the  line  shift  cf  the  position  I 


(K55) 


CTr 


(f  = 


If  ‘ten 


- Soo  M . 


C'i-  lS-7f> 
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I 
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AccoiiUnq  fc  foticuLd  (3.  19)  at  large  distances  fro*  base  a difference 
in  thf  distances  is  expressed  ty  the  deferdcncs; 


(«.56)  . 


r,-r^-r^,sln.. 


"V  nnlst  i t ut  i rg  it  in  (3.46),  fcc  will  ottaio  r^^stae^cCf,  — f,). 


Page  ISI. 


Dy  d i ff et ent  iat i rg  both  parts  cf  this  exoressicn,  let  us  find 


coa  ada  • rdf.. 

Whence, 


or  in  r.'ic  firite  inc resents 


(l.'i'J)  - 


r.,cosa  • 


Tlie  •:>pr->ssicn  shows  th^  cci  a un  ic  at  i cn/conn  ect  ion  between  iy 


'i’trf  ■ 


kM 


rs- 
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Tli  ? ccTfariEcn  of  t iii)e/t<>iipocai  y differential  ranging  systeas  ^ 
with  phisc  slicwE  that  incorporating  advantaces  in  obtaining 
iint>quivocal  reading,  they  considerably  are  inferior  to  phase  systeas  I 

f' 

in  the  relation  tc  the  accuracy  of  neanureierts.  In  order  to  be 

L 

egualired  with  phase  systeos  cn  accuracy,  t iDc/teaporar;  systcas  aust  I 

• 

have  cn-hcard  aearuring  devices  with  accuracy  Ofy  = 0./-^^/ps.  This 
siorved  as  the  reason  for  creation  and  rapid  development  of  fazo-  li 

t nic/'^''n  j cr  jr  y tyfc  combined  systoms,  which  successfully  ccafinc  in 
themsclvei  positive  the  quality  of  each,  i.c.,  they  possess  high 
accuracy  and  uricieress  in  reading. 

In  f azo- tire/tenpor ary  systems  the  eliiination  of  ambiguity  in 

reading  is  achieved  by  the  measureirent  of  tise,  and  an  increase  in  tbe'^i:' 

1 *1 

accuracy  - tv  the  reasurraent  cf  a phase  ciffecence.  : 


Page  ISo. 


Ip4  5fl 
2 0- 1 


For  th?  t“aliz»iicn  of^^  f a 20- 1 isc/t em p o ra t y principle  ground 
statjens  work  i t.  the  code  of  coh»'rent  pulse  coission/radiat  icn  (Pig. 

The  transritted  pulses  arc  cuts  trci  continuous  high-fr  eguency  * '•; 

• t 

osc  i 1 1 1 1 i f ri  with  re  p,->ti  t im  period,  multiple  tc  the  period  of  t.. 

i' 

hi  I h- 1 1 *^0  0-- nry  osr  i 1 1 at  i ens:  Ix 


J_ 

= n / 


wh*n«’  t ♦ h-’v  is  carrier  frequency,  U'd  n is  the  integer. 
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Cucinq  thin  cporating  inodp  the  phase  cl  high-frequency  filling  j 

F i 

turrf  out  to  ho  strictly  connected  with  that  which  go  around  pulse  ^ j 

signal,  which  makes  it  possible  to  use  abcaid  the  principle  of  the  f ' 

cohcicnt  leccpticr  of  the  oscillations,  eritted  by  ground  stiticns.  ' 1 

Werk  of  the  leading  and  slave  statiens  in  these  systees  is  >•  ! 

hit'i 

matched  cr  time  cf  enission/radiation  in  the  manner  that  this  is  made  < 

T . 'i 

in  t ite/tenperary  systoBS  (see  Fig,  3.21),  and  also  on  phase,  as  this  j j 
is  nect'fsary  in  j base  syrtees.  The  signals  cf  the  leading  and  slave  \ 

U;l 

statiens  are  received  abcard  as  the  receiving-measuring  device  where 

i i 

is  ccrducted  the  Beasureaent  of  a time  difference  of  the  arrival  of  1 1 

f .1 

the  pulse  signals:  (5 


<»  ■■  + f,  + ~ 


and  the  le  asiireaent  of  a phase  difference  of  the  high-frequency 
osci  1 la*  ien.e,  which  fill  these  pulr.o  signals: 


(''.-'•a)- 


hr,  a cf  m^asu cf  a ♦]»«€  iHffercnce  is  determined  the  f 

( 

A . 

differ^nc*-  in  t hr  distances  with  this  acciracy  in  order  to  ^ 

t 

iinathi  jiiots  1 V fird  that  phase  path/tracK,  ir  limits  of  which  is 
loci-ed  t)*'  aircraft.  As  a result  o*  tho  wtasutement  of  a phase  ^ 


CS-Uj-??! 
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Paae  ISl. 


Ff'ci u iro rent c for  the  accuracy  of  nearuicacnts  are  reduced  in 
orier  that  t}:e  siddLr  quadratic  ochbiha  cf  the  aeasuresant  of  tlae 
would  he  net  wore  the  fourth  of  the  r^tiod  cf  hiqh- frequency 
CSC  i 1 1.1 1 i c r : 


Multijlyirq  beth  {arts  of  this  expression  tc  the  velocity  of  radiowave 

i 

propaoaticn,  we  cltain:  ( 


11.611 


:La,^± 


I.e.  th;-  cuil  aear  square  error  of  t iletets  ination  of  a difference  i 

in  rSf  diatit'cer  in  this  c.ise  will  rc»  fxcitc  tte  widths  of  phase 

PI*- h/*-r  fc  k on  the  l-^se  of  qrouid  st.itions,  which  with  probability  intet^ 

1 ■ 

SSo/c  t)roviil>'s  ur  ja'ien«.'SS  in  the  dett- r t i na  t icn  of  the  line  of  i 


riopacjation  of  surfaco  and  tbcee-dinensional/SFace 


Ho>i»ev*pe  (f) 


npocmpaiKintttiKO* 
. N 6o/iHa  -y> 


nputua 


C5-  is-7r> 
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^*  thp  ocint  cf  reception  occurs  the  additicn  of  the  fields  cf  surface 

t-  - 

an-l  sky  waves  and  is  fotaed  the  resiOtintj  slonal  whose  phase  differs  ' 

f,  ■ 

frcf  th’  phase  of  the  tasic  slqnal  by  certain  value  A#  (Pig-  3.26).  k 

^ ■ 
Tlie  phase  cf  sky  wave  is  randen  variatJr;  therefore  value  A#  is  )' 

dependf^Q 

disc  rjnicv  and  varies  within  the  liaits  + ^4’MAite, /\on  aaplitude  ratio  j 


- arctg 


The  vern  sqcate  value  of  this  deflecticn  is  approx iaately  equal 


(l.f  3). 


In  cider  ♦•har  *he  accuracy  of  phase  reasuteients  under  these 
conditiors  would  le  not  below  1/100  thase  cycles,  the  strength  of  the 
field  cf  qrcurd  wave  must  exceed  rot  loss  than  10  tiaes  the  strength 
of  tlf  fifli  cf  sky  wave. 

luiiiKj  *-he  piopaqation  of  long  waves  u{  to  distances  note  than 
/OO-aCO  kiT  tie  fifhl  of  sky  wave  tegir.s  tc  exceed  on 

int  ^ r 5 i t v/s  1 1 <j  ♦ h the  field  of  qicur.d  w,iv'»s  and  measurenent  of  their 
ph  isf  durif.i  cofit  iiiuoiis  em  ins  ic  r/r  ad  ia  t io  ii  they  heccmi  inpossible, 
for  rtoviiirj  an  accuracy  cf  phaKO  xeasurexentn  at  large 


• -•'.Jfi  T, 


C5-  U-7(, 


PAGE 


ilisfirc’p  in  ra  Ji  c-nawigation  systemc  they  Ifgan  to  apply  the  pulsed 

oDor=!tirn  ot  ca  ipcion/radiation,  which  makes  it  possible  to  divide  tbe*- 

I- 

fk 

reception  ci  surfaca  and  sky  waves  in  ter»£  cf  tine.  Sky  wave  with  ^ 


cospec’-.  tc  surface  passes  larger  distance  acd  therefore  it  delays  ob  ^ 

tiae,  n difference  in  the  passable  distances  depends  on  the  L 

i" 

superst tneard  raroe  and  time  ot  days,  since  the  in  the  daytise  long  S 

,1 

waves  are  reflected  from  layer  in  height/altitude  of  appcoxiaately 

70  ki,  hut  a*  night  - of  Bore  highly  1 y in g/ fer izent al  layer  E in  f' 

rltitude  1C0-11C  kn.  \ 

Y 

The  value  cf  the  tire  leg  prostransven r ykh  waves  at  frequency  f 

. c 

100  kHz  is  shewn  in  Pig.  3.27.  Frcm  the  giaen  curvr/graphs  it  is  i' 

■’viier.t  that,  a delay  in  the  sky  wave,  being  gradually  decreased  with  K 
an  incr-'iEC  of  distai;ce,  approaches  value  T3  = 40-50  pis.  If  we  eait 
n.am*-’n  tim/ i jii.ii  Ise/ pul  SOS  by  d 1 it  e 1 • nsot  • y u t erder  50  ps,  as  this  is  ♦ 

aade  in  r.yst  ?®  Icran-A,  then  irto  the  pcint  cf  reception  surface  and 

\ 

t ;■  r r e-.i  i n o rs  i cna  ] /s  pace  will  cere  separate.  However,  when  using  Icag 

waves  in  rcchrical  rousons  it  is  necessary  tc  work  by  longer 

■>0?"  f:tu  SI/ i !r  p>i  l.se/ pul  ses  by  duration  cn  the  erder  of  200  ps  and  sore; 

•^I'.e  re  tor  ► the  cover  plates  of  surface  and  t bree-dinensicnal/Epace  » 

.siarals  becc'o  unavoidable.  ■ 


0<;_  1S-7C, 


PAGE  ^ 


For  <h-»  t.ir (j6t/f;urpcse  of  the  separaticn  cf  signals  with 

recffticr.  fcr  iceasurt'inonts  are  rtilircd  tic  only  part  of  the  * 

noir.'’ntmn/iii’  ulse/pulse,  its  leading  edge,  which  they  try  to  Bake 

Jbr rrt/stcep'it  (Fij.  J.28a).  Going  around  this  part  of  the  taken 

3io?ientun/ inpulse/pulse  u (t)  (Fig.  3.20t)  they  differentiate,  obtain 

derived  du/dt  (Fig.  3.28c)  whose  aaxiitu*  will  coincide  with  the  point  | 

of  the  greatest  s lopo/t ransconduct ance  of  tie  leading  edge  of  the 

taken  mo  a en t u »/ is p u Ise/pu Ise  u (t) , After  the  second  d if f erent ia cion  ;* 

< hey  obtain  d^u/dt'  (Fid-  3.28d)  and  trarsiticc  point  of  its  through  i 

t;' 

zero  is  utilized  tor  the  formation  of  the  cate/strobe  (Fig.  3-28e), 
shifted  relitive  to  the  beginning  cf  me  ms  r- i n/im  pulse/pulse  cn  30-40  ! 

us,  i , for  a pcr..jd  kncwingly  lesser  than  a delay  in  the  sky  wave. 

: 

These  opieraticns  are  carried  out  with  the  signals  of  the  leading  and  • \ 

f 

Fltive  s*'jticns,  ctta.in  two  gatc/strobf,  strictly  attached  on  tiie  t.c 

'$! 

f 

the  t’kei  rtc  iron  tr  B/iinpu  Ise/pu  Iscs  free  greurd  stations  and  is  conductnt 
the  mf^suroirent  cf  a time  difference  cf  their  reception  ^ j,  . These 
aea  scfse  nts  irikc  it  possible  tc  ura  mt  i gu  c u s 1 y determine  the  number  of* 
pl-.aso  tiath/track.  Then  is  utilized  h i gh- 1 1 « guency  filling  of  the 

- '1 

taken  ito  n c nt  ii  B/i  r pu  1 se/p  uises  cn  the  chosen  section  of  their  leading 
<dqe,  not  affected  by  sky  wave,  arc  cenduetr  phase  measurements,  is 

er nine  0 the  phaso  difference  of  the  taker  signals  for  obtaining  i 

lino  cf  ( edition  with  high  accuracy.  Thus  it  is  possible  to  get  rid  t 

1 " 

ot  ‘I-  Tixinti  .effect  cf  sky  waves. 


Page  K.Q. 
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In  tho  conteoj-oiary  r«.*ception  irdicatci  devices  of  fazo- 
time/tonpcrir y type  systems,  fee  example  ToPBi^Loran-S,  the  processes 
ot  tic  search  tor  received  signals,  mcasureient  of  their  temporary 
situation  rcldti>/r  to  each  other  and  the  leasureient  of  a phase 
iiffererice  f ull-autoicatic. 

The  results  cf  the  obtained  neasurenents  are  introduced  into  the 
cemputers  with  the  aid  of  which  are  calculated  the  geographical 
reference  cf  aircraft,  bearings  and  distances  cf  the  assigned 
refoernce  pcints  and  the  other  data,  necessary  for  the  navigaticn  of 
fl  iql  t ve  h ides. 

fc^ight  of  irstalled  equiptent  of  f az c- t i ae/tea pora ty  systeas  in 
contexperary  pecfcrmance  of  approximately  UC  kg. 
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